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PURPOSE 


The  purpose  of  this  program  is  to  establish  a  Manufacturing  Methods  and  Technology 
Program  (MM&T)  in  accordance  with  Step  1,  paragraph  1. 2,  2.  1,  of  Electronics  Command 
Industrial  Preparedness  Procurement  Requirements  (ECIPPR)  No.  15,  dated  August  1976, 
for  Automatic  In-Process  Microcircuit  Evaluation  (AIME),  which  will  establish  techniques 
for  the  automatic  inspection  of  thick-film  conductor  lines  on  substrates  and  the  elimination 
of  microscopes  for  visual  pre-cap  inspecti(»i  of  Iqrbrid  assemblies  for  use  in  Army  elec¬ 
tronic  equipments.  The  MM&T  program  will  include: 

(1)  System  analysis  to  investigate  hybrid  image  extraction  techniques,  illumination 
techniques,  and  RBV  operating  modes  so  that  the  basis  for  the  AIME  configuration 
can  be  established. 

(2)  Design  of  the  AIME  Demonstration  Model,  system  software,  and  test  program. 

(3)  Fabrication  of  the  Demonstration  Model  Design.  The  system  will  contain  all  the 
necessary  elements  required  to  acquire  test  data  on  the  inspection  of  substrate 
and  hybrid  assemblies  to  establish  the  basis  for  development  of  an  AIME  Equip¬ 
ment  configuration  and  specifications  for  future  procurement.  The  system  elements 
performed  the  following  functions 

•  Control  of  the  AIME  system 

•  Test  program  generation 

•  Stimulus  and  measurement,  as  required. 

The  AIME  system  will  be  demonstrated  using  a  specially  designed  test  pattern 
substrate  and  a  typical  hybrid  assembly.  Software  will  be  developed  to  provide  the 
control  and  evaluation  required  for  the  inspection  of  the  test  pattern  substrate  and 
hybrid. 

In  addition,  an  English  Language  Test  Document  (ELTD)  will  be  generated  for  the 
inspection  of  the  specially  designed  substrate  and  the  hybrid  assembly. 


ix 


(4)  A  data  package  for  the  Demonstration  Model  will  be  provided  including  Test  and 
Demonstration  Report,  Instruction  Manual,  Engineering  Drawings,  equipment 
specification,  program  listings,  and  ELTDs  for  the  substrate  and  Iqrbrid 
inspections. 

(5)  An  AIME  Production  Capability  Demonstration  for  Government  and  industry 
was  successfully  conducted. 

This  MM&T  program  was  the  result  of  work  done  on  the  Automated  Image  Device 
Evaluator  (AIDE)  Program,  Contract  DAAB05-74-C-2524.  The  purpose  of  the 
AIDE  program  was  to  provide  the  basis  for  automated  inspection  of  second 
generation  image  intensifier  tubes.  This  program  utilized  AIDE  hardware 
components  in  the  design  and  fabrication  of  the  AIME  Demonstration  Model. 
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GLOSSARY 

AIDE  Automated  Image  Device  Evaluator 

AIME  Automatic  In-Process  Microcircuit  Evaluation 

ARTS  AIME  Run-Time  ^stem 

CLI  Command  Line  Interpreter 

CPU  Central  Processing  Unit 

DMA  Direct  Memory  Access 

I/O  Input /Output 

MAP  Memory  Allocation  and  Protection 

RBV  Return  Beam  Vidicon 

RDOS  Real-Time  Disc  Operating  System 

TBC  Time-Base  Corrector 

RTS  Run  Time  System 

TVL  TV  Line 

UUT  Unit  Under  Test 
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SECTION  1 

SYSTEM  DESCRIPTION 


1.1  TECHNICAL  DESCRIPTION 


1. 1. 1  General 


Background 

The  Automated  In-Process  Microcircuit  Evaluation  (AIME)  System  will  provide  the  basis 
for  establishing  test  techniques  for  the  automatic  inspection  of  thick-film  conductor-lines  on 
sxibstratesy  and  eliminates  the  need  of  microscopes  for  visual  pre-cap  inspection  of  hybrid 
assemblies. 

Tbere  are  many  points,  during  the  manufacture  of  hybrid  microcircuits,  at  which  some 
degree  of  visual  inspection  is  made.  However,  there  are  specific  major  points  at  adiich 
100  percent  visual  inspection  is  made.  Hiese  inspection  points  are: 

(1)  After  thick- film  processing  of  ttie  substrate  is  oomidete  (before  the  start  of 
assembly). 

(2)  Immediately  before  sealing  file  assembled  hybrid  package  (pre-cap  visual). 
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There  are  additional  significant  points,  during  the  thick-film  processing  of  ceramic  sub¬ 
strates,  udiere  100  percent  continuous  inspection  would  be  very  desirable,  but  the  costs  of 
manual  inspection  are  prohibitively  high  and  the  inspection  process  itself  impedes  the 
achievement  of  desired  througlq)ut  rates  for  printing,  drying,  and  firing.  A  viable  system 
of  automatic  in-process  inspection  among  the  operations  involved  in  adding  a  thick-film 
layer  to  the  substrate  lot,  would  greatly  improve  the  yields  and  assure  a  more  dependable 
end  product. 

Figure  1-1  shows  a  simplified  process  flow  drawing  for  the  manufacture  of  thick-film 
hybrids  from  the  point  of  cleaning  the  alumina  substrates  to  the  point  after  assembly 
where  the  hybrid  circuit  is  hermetically  sealed.  This  process  flow  drawing  is  arranged  to 
highlight  those  visual  inspection  points  located  in  three  major  areas  of  the  process  sequence. 

At  process  point  lA,  immediately  after  printing,  a  rejected  substrate  can  readily  be  washed 
off  with  a  suitable  solvent.  If  the  flaw  was  caused  a  problem  in  the  printing  process 
(such  as  a  clogged  screen),  corrective  measures  could  be  taken  before  too  many  of  the  bad 
prints  were  made. 

At  the  drying  or  baking  process  point,  IB,  certain  trapped  particles,  such  as  lint  and  dust, 
could  be  detected.  If  flaws  are  detected  at  this  point,  the  dried  material  can  be  removed 
from  the  substrate  (more  vigorous  cleaning  is  required).  Again,  as  in  the  case  of  the  sub¬ 
strates  with  set  ink,  the  plates  are  recovered  and  the  value  added  to  the  substrates  in 
earlier  steps  is  not  lost. 

Inspection  at  point  1C  occurs  after  each  successive  printed  layer  is  fired.  The  value  of 
picking  up  faults  at  this  point  is  to  avoid  any  further  labor  on  a  defective  substrate,  take 
corrective  action  as  appropriate  on  any  possible  out  of  control  process  and  perform  any 
acceptable,  cost-effective  rework  to  the  rejected  substrates. 
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Manufacturing  Process  Flow  with  Inspection  Points 


Inspection  point  2  on  the  process  flow  drawing,  identifies  the  last  action  to  be  performed  on 
a  substrate  before  forwarding  it  to  the  assembly  operations  where  chip  parts  are  attached 
and  u^ere  semiconductors  are  connected  by  wiring  bonds  to  the  substrate  metalization.  As 
previously  mentioned,  this  is  a  100  percent  inspection  point.  Automatic  inspection  on  an 
in-process  basis  should  make  this  pre-assembly  inspection  far  less  important.  An  inter¬ 
active  inspection  system  wotild  provide  the  operator  with  the  ability  to  identify  marginal 
situations.  After  electronically  zooming  in  on  the  area  of  interest  the  display  on  a  large 
screen  video  monitor  would  allow  the  operator  to  inspect  the  suspicious  area  in  detail. 

At  process  inspection  point  3  (pre-cap  visual  inspection)  a  100  percent  inspection  is  also 
routine^  made  of  the  completed  hybrid  assembly.  At  this  inspection  point  the  inspection 
system  could  be  preprogrammed  to  a  disciplined  sequence  of  displayed  substrate  areas  to 
make  sure  that  the  visual  inspection  Is  thorough  and  looks  closely  at  any  specific  area  that 
is  particularly  vulnerable  to  flaws  in  the  manufacture. 


System  Components 

Figure  1-2  is  a  simplified  block  diagram  of  the  AIME  Demonstration  Model.  The  basic 
components  of  the  system  are: 

(1)  Control/Display  Station 

•  Computer  and  Peripherals 

•  Video  Processor  and  I/O  Control 

•  RBV  Electronics,  Power  Supply 

•  sync  Generator 

•  Time-Base  Corrector 

•  Video-Disc  Recorder /Reproducer 

e  Video  Monitor 

e  Illumination  Power  Supplies 


Figure  1-2.  AIMS  Demonstration  Model  -  Block  Diagram 


(2)  Inspection  Station 

•  RBV  Camera  Head  with  Lens 

•  Illuminators  (Lamps) 

•  UUT  Holding  Fixture 

•  Optical  Table  with  the  Structure /Shroud  Assembly 

•  Air  Conditioner  Unit 


The  legend,  in  Figure  1-2,  identifies  those  items  which  are  under  computer  control  and/or 
manual  control.  Further,  the  legend  also  shows  which  of  the  components  were  designed  and  built 
(new  designs),  purchased  (modifications  as  necessary),  and  Government  Furnished  Equipment - 
GFE  (modified  as  necessary).  All  GFE  items  are  removed  from  the  AIDE  system  (Contract 
DAAB05-74-C-2524) . 


Operation 


The  following  is  a  general  description  of  a  typical  substrate  inspection  process  performed 
by  the  AIME  system.  The  UUT  is  placed  in  the  holding  fixture  and  subsequently  illuminated, 
projecting  the  UUT  image  on  the  RBV  face.  The  AIME  Control  selects  and  positions  the 
RBV  scan,  via  the  RBV  electronics,  to  the  desired  UUT  image  area  to  be  viewed.  The  RBV 
output  is  a  video  signal  which  is  directed  to  the  RBV  electronics  and  then  to  the  video 
processor.  A  pre-recorded  image  of  the  same  UUT  area  is  obtained  from  the  video  disc- 
recorder  and  directed  to  the  video  processor. 


Ihe  video  processor  performs  two  functions.  First,  the  dltierence  between  the  RBV  video 
signal  and  the  video  disc-recorder  signal  output  is  taken,  digitized  and  fed  into  the  core 
memory  of  the  AIME  system  computer.  Second,  the  processor  takes  the  same  difference 
video  signal  and  combines  it  with  the  RBV  video  signal  which  is  then  displayed  on  the  color 
video  monitor. 
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The  combination  of  the  difference  and  RBV  video  signals  is  such  that  the  RBV  output  appears 
as  a  black  and  white  image  on  the  monitor.  Hie  difference  video  is  directed  to  the  red  and 
green  gun-driver  circuits.  Thus,  if  the  RBV  image  is  wider  than  the  recorded  image  the 
green  color-gun  output  will  be  increased  resulting  in  a  highlighting  of  the  greater  than 
normal  UUT  area.  A  similar  result  is  obtained  if  the  UUT  image  is  narrower  than  the 
recorded  image,  except  now  the  red  color-gun  output  is  increased. 

When  the  inspection  is  complete  the  AIME  control  repositions  the  RBV  beam  scan  to  the 
next  UUT  area  to  be  inspected,  and  repeats  the  above  process  until  the  UUT  inspection  is 
completed. 

The  hybrid- assembly  inspection  is  similar  to  that  described  above  for  tiie  substrate 
inspection,  except  that  the  video  disc-recorder  is  not  used  and  the  color  highlighting  of 
an  out-of-tolerance  area  is  not  generated. 

1.1.2  Control/Display  Station 

The  major  elements  of  the  Control  Alisplay  Station  are  shown  in  Figure  1-2.  One  of  the 
two  major  functions  performed  by  this  station  is  control  of  the  AIME  operating  modes.  This 
control  is  maintained  by  the  conqiuter  and  associated  peripherals.  Table  1-1  identifies  the 
selected  models  and  kay  features  of  these  items. 

Hie  remaining  elements  of  the  Control /Display  station  are  associated  with  the  RBV  and 
Video  Fhrocessor.  Among  these  items  are  certain  units  which  are  purchased  from  selected 
vendors.  These  items  include  the  video  disc-recorder,  sync-generator,  time-base  corrector, 
color  video  monitor,  and  Illumination  power  supplies.  These  items  are  also  in  Table  1-1. 


Hie  two  methods  of  controlling  the  AIME  system  are  with  the  computer  and  associated  inter¬ 
face  (CPU  control),  and  with  controls  located  on  the  front  panels  of  the  RBV  electronics 
chassis,  the  video  processor  chassis,  and  the  video-disc  recorder  (Local  Control). 


Table  1-1.  Control/Tlisplay  Station  Elements 


Device 

Model 

Features 

Computer 

ECLIPSE 

Data  General 
(DG> 

' 

64K  words*  memory  allocation 
and  protection  (MAP)*  700  nsec 
memory  cycle 

Disc  Subsystem 

6045 

(DG) 

10  megab}rte  storage*  remove¬ 
able  disc-pack  unit 

Display  /keyboard 

6053A 

(DG) 

Detachable  keyboard*  96  ASCII 
character  set*  5x7  dot  matrix* 
1920  character  storage*  user- 
defined  keys 

Printer 

Dasher 

604 lA  (DG) 

60  cps*  40  character  buffer 
memory 

Video  Disc  Recorder 

VDR-IRA 

ARVIN-ECHO 

400  frame  storage*  variable 
frame  step-rate*  remote 
control 

Time  Base  Corrector 

DPS-1 

Digital  Video 
Systems 

MU  correct  greater  than 

2  psec  of  jitter  to  better  than 

10  nsec 

Color  Video  Monitor 

5411RS19 

Conrac 

High  resolution  color  monitor 

Illumination  Power  Supplies 

6329 

Oriel 

StabUized  power  supply  for 

Quartz  Halogen  Illuminators 

Ssmc  Gaierator 

Tektronix 

1410 

Provides  horizontal  and  vertical 
drives  as  well  as  Composite 

Sync  and  Blanking  signals 

When  the  AIME  system  Is  being  operated  by  the  £ront  panel  controls*  the  computer  does 
not  influence  the  system  operation. 


1.1.2.  1  CPU  Control  Mode 


Under  CPU  Control,  all  elements  of  the  AIME  System  are  operated  by  computer  generated 
commands  with  operator  interventions  as  required.  The  primary  computer /operator  inter¬ 
face  is  the  display  Aeyboard.  The  color  video  monitor  is  a  secondary  interface  element. 

Ihree  basic  operating  modes  are  possible  under  CPU  Control.  These  are: 

•  Manual  Inspection 

•  Semi-Automatic  Inspecti<Hi 

•  Automatic  Inspection  (Demonstration  System). 

The  Manual  Inspection  operating  mode  allows  the  operator  to  select  the  desired  RBV  scan 
position,  zoom-ratio,  illumination,  as  well  as  the  color  video  monitor  display.  The 
operator  controls  these  parameters  by  1)  depressing  the  appropriate  key  on  the  keyboard, 

2)  observing  on  the  computer  Interface  display  that  his  selection  was  accepted  and  executed 
by  the  computer,  3)  verifying  on  the  video  color  monitor  that  he  has  the  correct  view.  The 
operator  may  then  modify  the  present  monitor  image  or  continue  with  the  Manual  Inspection. 

In  addition  to  the  Manual  Inspection  just  described,  the  operator  may  also  create  an  inspec¬ 
tion  program  by  entering  the  Program  Generation  option  of  the  Manual  Inspection  Mode. 

With  this  option,  the  operator  may  select  the  desired  monitor  view  and  then  depress  a  key¬ 
board  button  which  will  then  generate  the  AIME  computer  commands  required  to  duplicate 
the  view  being  observed.  Thus,  an  Inspection  Program  may  be  generated  by  the  operator, 
without  aiy  prior  knowledge  of  the  AIME  System  language. 

Figure  1~10  shows  the  keyboard  layout  with  the  associated  AIME  System  commands. 
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The  Semi-Automatic  Inspection  mode  is  utilized  after  an  inspection  program  has  been  gen¬ 


erated.  In  this  mode  the  computer  sequences  through  the  predetermined  inspection  steps, 
presenting  on  the  monitor  a  view  for  the  operator  to  inspect  the  substrate  or  hybrid.  The 
operator  evaluates  each  substrate  and  presses  the  appropriate  (pass  or  fail)  button  on  the 
keyboard.  The  computer  does  not  evaluate  the  video  signal  except  as  the  operator  indicates 
by  his  keyboard  entered  response. 

The  Automatic  Inspection  Mode  for  the  AIME  Demonstration  System  will,  under  computer 
control,  set  up  the  RBV  camera  operating  mode,  select  the  correct  stored  image  on  the 
video  disc  recorder,  input  and  evaluate  the  video  difference  data,  and  continue  the  inspec¬ 
tion  process  until  a  fault  is  found  or  the  substrate  inspection  has  been  completed. 

Essential  for  implementing  the  CPU  control  mode,  is  an  interlace  board  within  the  S/130 
computer.  This  board,  referred  to  as  the  4040  board,  contains  circuitry  which  performs 
two  functions;  1)  Transfer  of  digital  words  to  the  AIME  system  which  are  used  to  control 
the  AIME  system  elements.  2)  High-^eed  transfer  of  digital  words,  which  represent  the 
video  image,  into  the  computer  core  memory.  This  board  communicates  with  the  AIME 
system  via  a  bi-directional  data-bus  routed  to  the  lO  circuitry,  located  in  the  lO  processor 
chassis  (paragraph  1. 1.2.4). 

Careful  partitioning  of  the  high-speed  or  DMA  circuitry,  allows  for  the  use  of  a  minimum 
of  data  and  control  lines  between  the  computer  and  the  lO  circuits.  A  total  of  twenty-seven 
differential  lines  make  up  the  AIME  computer  interface.  A  discussion  of  the  computer  in¬ 
terface  is  given  in  paragraph  1. 1. 2.4. 
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1 . 1 , 2. 2  Local  Control  Mode 


The  LOCAL  control  mode  is  intended  as  a  setup,  diagnostic,  or  evaluation  aid.  It  is  not 
intended  for  use  by  an  unskilled  operator. 

This  control  mode  allows  the  AIME  system  to  be  operated  in  a  manner  similar  to  that  of 
the  CPU  mode.  The  distinguishing  difference  between  the  two  control  modes  is  that  the 
computer  control  is  completely  removed  from  the  system.  Instead,  control  of  the  AIME 
system  components  is  accomplished  by  controls  on  the  front  panels  of  each  of  the  following 
components:  the  RBV  electronics  chassis,  the  lO  processor  chassis,  and  the  video  disc 
recorder. 

The  details  of  these  front  panel  controls  are  given  in  the  descriptions  which  follow. 

1.1. 2. 3  Power  Distribution 

AIME  power  distribution  is  centralized  in  one  chassis.  This  chassis  contains  all  the  re¬ 
quired  circuit  breakers  for  controlling  the  main  power  to  the  RBV  electronics,  the  illumi¬ 
nation  power  supplies,  computer  and  the  associated  peripherals,  video  devices,  the  I/O 
processor  chassis  and  the  air  conditioner/vacuum  pump. 

1. 1.2.4  IQ  Processor  Chassis 

The  lO  processor  chassis  contains  three  main  elements;  the  lO  circuitry,  the  video  pro¬ 
cessor  digital,  and  the  video  processor  analog  circuits.  This  chassis  has  four  low-voltage 
power  supplies  which  provide  +5,  -5,  +24,  and  +  15  volts  DC.  The  CPU  control  structure 
is  illustrated  in  Figure  1-3. 


1-11 


X 

X 


»  • 


TO 

S  130 


FiTJUrc’  l-.l. 


AIMK  CPU  Control  Structure 
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1.1. 2. 4.1  IQ  Circuits 


These  circuits  provide  the  main  link  between  the  computer  and  the  AIMS  system.  Data-bus 
receivers  and  drivers  provide  the  actual  data  link  as  well  as  sending  system  timing  signals 
to  the  computer.  An  address  decoder  and  seven  storage  cards  provide  the  means  by  which 
the  CPU  Mode  of  control  is  implemented. 

Data  from  the  computer  is  presented  on  the  data-bus  and  detected  by  the  receivers  as 
shown  in  Figure  1-3.  A  strobe  pulse  is  used  to  c^ture  the  data.  Sending  data  to  the  lO 
circuits  is  a  two-step  process; 

1)  The  data-bus  direction  is  set  to  "output"  while  placing  on  the  data-bus  a 
16-bit  word.  Four  of  the  bits  are  used  to  select  the  desired  storage 
board.  A  strobe  pulse  latches  the  4-bits  in  the  address  decoder. 

2)  A  second  16-bit  word,  representing  the  computer  command  word,  is  then 
sent  along  with  another  strobe  pulse.  The  strobe  pulse  is  routed  through 

the  address  decoder  to  the  "addressed"  storage  board.  The  data-bus  direction 
is  returned  to  "input".  (For  speed  considerations  the  normal  state  of  the  data- 
bus  is  the  "input"  state). 

The  storage  cards  are  wired  to  the  appropriate  AIME  system  element.  Inputting  data 
from  the  AIME  system  is  a  three-step  process. 

1&2)  Using  the  "output"  sequence  described  above,  the  AIME  element  to  be  read  is 
selected  by  routing  the  data  through  a  digital  multiplexer  to  the  data-bus 
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drivers.  A  two  bit  code  is  used  to  select  the  data. 

3)  With  the  data~bus  in  the  "ii:q>ut"  state  the  routed  data  is  strobed  into  the  com¬ 
puter. 

1.1. 2. 4. 2  Video  Processor  Digital  Circuits 

The  video  processor  digital  circuits  generate  all  the  functions  to  provide  the  high-speed 
data  transfers  from  the  AIME  system  into  the  Computer  Memory,  hi  addition,  these 
circuits  generate  the  system  timing  signals  required  by  the  computer.  Figure  1-4  si  iws 
the  video  processor  digital  circuits  in  the  CPU  control  structure. 

The  video  processor  digital  circuits  perform  two  main  functions: 

1)  Convert  the  serial  digitized  video  data  into  parallel  1 6  bit  digital  words, 

2)  Generate  the  timing  signals  required  to  perform  the  DMA  data  transfers. 

As  depicted  in  Figure  1-4,  these  circuits  require  signals  from  the  system  sync  generator 
and  the  TBC.  The  sync  generator  provides  the  first-field,  vertical  drive,  horizontal 
drive,  and  composite  blanking  signals  while  the  TBC  is  the  source  of  a  14. 3  MHz  clock 
signal.  The  serial  video  data  is  obtained  from  the  video  processor  analog  circuits. 

1.2. 4. 3  AIME  Video  Processor  Analog  Circuits 

The  video  processor  analog  circuits  provide  the  following  functions: 

(1)  Display  switching 

(2)  Differencing  of  live  and  playback  video 
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Figure  i-4.  Video  Processor  Digital  Circuits  Block  Diagram 
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(3)  Display  color  enhancement 


The  video  processor,  fabricated  in  a  sin^e  copper  clad  board,  is  housed  within  a  separate 
package. 

Jisplay  switching  is  performed  by  relays  on  the  video  processor  board.  These  relays 
function  either  under  CPU  control  or  xmder  the  control  of  a  rotary  display  select  switch 
on  the  I/O  Processor  front  panel  when  the  system  is  in  the  Local  Operate  or  Local  Setup 
Modes,  and  route  the  video  signals  to  provide  the  selected  display.  The  selectable  options 
are  live  video  (V^^),  playback  video  (Vg),  with  the  difference  between  and  Vb 
superimposed  in  color  and  a  special  video  processor  setup  display  in  which  Vy^  is  dif¬ 
ferenced  with  itself  and  any  residue  is  superimposed  on  in  color. 

The  analog  differencing  circuits  subtract  the  live  video  (Va)  from  the  playback  video  (Vg). 
Nominal  1.0  volt  p-p  composite  video/sync  is  fed  to  the  processor  via  the  Vy^  and  Vg  con¬ 
nectors  on  the  rear  of  the  chassis.  Vg  is  fed  directly  to  an  input  attenuator;  Vy^  is  fed  to 
a  filter  network  and  then  to  an  attenuator.  TTie  puipose  of  the  filter  network  is  to  adjust 
the  transfer  characteristics  of  the  line  video  channel  to  compensate  for  the  disk  recorder 
and  TBC  characteristics  introduced  in  the  playback  channel.  The  final  form  of  this  filter 
network  was  determined  during  system  integration. 

The  two  input  attenuators  enable  setting  identical  video  peak  white  to  video  black  (not  sync) 
levels  in  both  channels.  Once  these  levels  have  been  equalized,  it  is  possible  that  dif¬ 
ferent  S5mc  levels  may  exist  in  two  channels.  To  correct  this,  each  channel  passes 
through  a  threshold  network  where  the  sync  tips  are  self-clamped  to  an  adjustable  level 
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by  diodes.  Hiese  levels  can  be  adjusted  independently  to  cause  the  sync  in  each  channel 
to  be  clipped  by  an  equal  amount  below  the  video  black  level.  This  same  network  also  es¬ 
tablished  the  DC  input  level  for  the  following  video  differential  amplifier.  At  the  output  of 
this  network,  the  two  video  signals  are  identical  (except  for  valid  differences)  between  the 
master  and  UUT  images,  the  sync  tips  have  been  clipped,  and  the  signals  are  clamped  to 
the  same  DC  level. 

The  video  is  differenced  in  a  dual  output  video  amplifier.  The  two  raw  difference  outputs 
corresponding  to  -  V3  and  Vg  -  are  then  fed  to  comparators,  the  differences  are 
compared  to  adjustable  thresholds  and  bilevel  video  outputs  are  generated  whenever  the 
raw  video  difference  exceeds  the  threshold.  Both  bilevel  outputs  are  high  for  differences 
greater  than  the  threshold  levels. 

These  two  bilevel  outputs  are  routed  out  of  the  video  processor  analog  circuits  to  the  digital 
circuits  and  are  also  routed  within  the  video  processor  to  the  color  enhancement  network. 

The  color  enhancement  circuits  present  the  difference  video  on  the  video  monitor.  The  two 
bilevel  outputs  are  routed  through  AND  gates  (which  are  enabled  only  when  valid  differences 
can  exist)  to  the  video  driver  network.  This  network  consists  of  three  amplifiers  for 
driving  the  red,  blue  and  green  guns  of  the  color  video  monitor.  The  live  video  ii^ut  (V^) 
is  passed  directly  to  the  three  drivers;  this  allows  generating  a  black  and  white  image  of 
the  UUT.  The  two  bilevel  difference  outputs  are  summed  into  the  live  video  signal  ahead 
of  the  red  and  green  drivers.  Whenever  these  two  levels  are  high  (differences  greater 
than  thresholds),  the  black  and  white  image  will  be  superimposed  with  red  or  green  color 


showing  the  location  of  differences.  Green  will  correspond  (UUT  less 

dense  than  the  master,  back  lighted  mode);  red  will  correspond  to  Vg  -  (UUT  denser 
than  the  master,  backlighted  mode). 


1,1. 2.5  RBV  Camera  System 

The  RBV  camera  system,  diagramed  in  Figure  1-5,  consists  of  the  following: 

•  The  RBV  electronics  chassis. 

•  The  RBV  power  supply  chassis. 

•  S3rnc  generator. 

•  Lamps  and  controls. 

•  RBV  camera. 


CPU  CONTROLS 


Figure  1-5  RBV  Camera  System 


1.1. 2. 5.1  Camera  Electronics 


The  camera  electronics  is  located  in  the  RBV  electronics  chassis.  Its  purose  is  to  provide 
sweep  signals  and  video  signal  conditioning  for  the  RBV  camera.  This  assembly  contains 
twelve  plug-in  circuit  boards  (A1  through  A12),  two  power  supplies,  front  panel  controls/ 
indicators,  and  a  horizontal  deflection  driver. 

•  Horizontal  Deflection  Waveform  Generator,  A1 

This  board  contains  a  ramp  generator  used  to  provide  linearity  correction  to  the 
horizontal  yoke  driver.  The  ramp  generator  operates  at  the  horizontal  scan  rate, 

•  Protection  Circuits,  A2 

These  circuits  detect  the  loss  of  horizontal  and  vertical  deflection.  Loss  of 
either  signal  shuts  down  the  high-voltage  power  supplies  and  lights  the  fault 
light  on  the  RBV  control  panel. ' 

•  Vertical  Deflection,  A3 

This  board  contains  an  oscillator,  buffer,  and  yoke  driver  circuits.  The  buffer 
also  sums  the  vertical  steering  voltage  which  provides  vertical  position  control. 

•  Sync  Buffers,  A4 

Ojjtical  isolators  are  used  to  buffer  and  level  shift  the  horizontal  drive,  vertical 
drive,  and  composite  blanking  signals  from  the  sync  generator. 

•  Target/ Focus,  A5 

This  board  generates  a  stable  voltage  reference  and  the  focus 
coil  and  target  drive  signals. 
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•  Beam/Alittnment,  AG 
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The  horizontal  and  vertical  alignment  coil  drive  signals  are  generated  on  this 
board.  The  bias  voltage  for  the  RBV  tube  grid,  Gl,  is  also  obtained  from  this 
card.  There  is  also  a  circuit  which  produces  a  delayed  clamp  pulse  which  is 
supplied  to  A12. 

•  Electrode  Regulator,  A7 

This  board  provides  regulated  bias  voltages  for  the  RBV  tube  grids,  G2,  G3, 

G4,  G5,  and  G6. 

•  Beam  and  G4  Focus  Control.  A8 

'this  assembly  controls  the  beam  and  G4-focus  voltages  in  accordance  with  the 
zoom  ratio.  A  two  bit  binary  word  is  used  to  specify  the  zoom  ratio  (1:1,  1.67:1, 
3.60:1,  and  10:1).  The  binary  word  is  decoded  to  select  a  preset  potentiometer 
for  control  of  the  beam  and  G4-focus  voltages. 

•  Vertical  and  Horizontal  Digital-to-Analog  Converters,  A9,  AlO 

A9  and  AlO  are  identical  circuits  used  to  control  the  vertical  and  horizontal 
position  of  the  RBV  beam.  The  beam  position  can  be  selected  by  the  computer 
under  CPU  control  or  by  the  front  panel  switches  under  local  control.  The  output 
of  these  boards  (A9  and  AlO)  provide  the  beam  steering  voltages  to  assemblies 
A1  and  A3  respectively. 

•  Target,  Horizontal  Size,  and  Dynode  Gain  Control,  All 

This  assembly  controls  the  target,  horizontal  size,  and  dynode  gain  signals  based 
on  the  selected  zoom  ratio.  Control  of  these  signals  is  similar  to  that  for  the  A8 
board,  i.e. ,  a  preset  potentiometer  is  selected.  In  addition,  drivers  are  provided 
for  the  front  panel  lamps  which  indicate  the  selected  zoom  ratio. 
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•  Video  Driver/AGC.  A12 

A12  buffers  and  amplifies  the  video  from  the  RBV  camera.  The  buffered  outputs 
drive  the  time-base-corrector,  video  processor,  and  the  video  monitor.  In 
addition,  this  assembly  combines  the  black  burst  and  horizontal  blank  burst 
and  horizontal  blanking  levels  with  the  video  signal.  A  AGC  circuit  is  pro¬ 
vided  for  the  video  preamplifier  located  in  the  RBV  camera. 

•  Horizontal  Deflection  Driver,  A14 

The  horizontal  deflection  driver  is  a  resonant  flyback  circuit  operating  at 
15750  Hz.  This  board  also  provides  linear  correction  and  a  summing  point  for 
the  horizontal  steering  signals.  Relays  on  the  board  provide  the  proper  operation 
in  accordance  with  each  zoom  ratio. 

•  1500  V  Supply.  A18 

A  900  V  to  1200  V  power  supply  is  provided  to  drive  the  dynode  as  required  by 
the  corresponding  zoom  ratio. 

1.1. 2. 5. 2  RBV  Power  Supply 

This  assembly  provides  several  DC  voltages  to  the  RBV  electronics  and  camera  assemblies. 
These  voltages  are  -6.3,  j^l5,  j_25,  -400,  +700,  +2500.  The  assembly  operates  from 
115  V,  GO  Hz. 

1.1. 2. 5. 3  RBV  Camera 


The  RBV  camera  consists  of  an  RBV  tube,  the  camera  head  electronics,  and  the  focus 
and  deflection  coil  assemblies.  The  camera  receives  sweep,  and  control  grid  voltages 
from  the  RBV  electronics  and  returns  a  video  signal  which  represents  the  image  on  the 
RBV  tube  face. 
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1.1. 2. 5. 4  Sync  Generator 


'I'he  sync  generator  provides  the  sweep  signals  to  the  RBV  electronics.  These  signals  are 
vertical  and  horizontal  drive,  black  burst,  and  composite  blanking.  This  is  a  separate 
rack-mounted  unit. 

1. 1.2.6  Illumination 

The  illumination  system  consists  of  an  illumination  controller,  three  illumination  power- 
supplies,  and  three  illuminator  housings. 

The  illumination  controller  provides  an  intensity  control  signal  to  the  illumination  power- 
supplies.  This  provides  for  variation  of  the  illumination  intensity  based  on  the  selected 
zoom  ratio.  Zoom  ratio  information  comes  from  the  RBV  electronics.  Time  delay  relays 
are  included  to  provide  a  lower  than  normal  "cold-start"  voltage  when  an  illuminator  is 
turned  on. 

The  illumination  power-supplies  provide  the  voltages  for  the  quartz-halogen  lamps  in  the 
illuminator  housings.  There  is  one  power-supply  for  each  lamp.  Remote  sensing  was 
added  to  each  power-supply  to  compensate  for  voltage  drops  in  the  cables  which  connect 
the  lamps  with  the  power  supplies.  The  remote  sensing  also  helps  to  maintain  a  consistent 
voltage  across  the  lamp  for  each  preset  illumination  level. 

The  main  power  (115  V,  60  Hz)  for  the  power-supplies  is  derived  from  the  power  distribu¬ 
tion  panel.  There  are  two  switches  in  the  power  distribution  panel  to  manually  operate  the 
illuminators. 


1. 1.2.7  Video  Devices 

Four  video  devices  complete  the  Control  Display  Station:  the  video  disc  recorder, 
time-base  corrector,  color  video  monitor,  and  sync  generator. 

The  video  disc  recorder  is  used  to  store  the  image  which  is  compared  to  the  RBV  video. 

The  image  stored  on  the  video  disc  is  V  discussed  in  paragraph  1.1. 2. 4.  This  unit  can 
store  up  to  400  images  on  each  magnetic  disk  cassette.  A  remote  control  connector 
enables  the  unit  to  be  controlled  by  the  computer.  A  minimum  of  interface  circuitry, 
located  in  the  I/O  processor  chassis,  completes  the  interface. 

The  time-base  corrector  (TBC)  unit  aligns  the  playback  video,  V  ,  with  the  RBV  camera 

3 

video,  V  ,  to  within  10  nsec.  The  reference  signal  is  obtained  from  the  sync  generator 
A 

unit  described  below.  The  TBC  front  panel  provides  a  fine  tuning  of  the  alignment  of  V^^ 

with  respect  to  V  .  The  TBC  also  supplies  a  14.3  MHZ  clock  signal  to  the  video  processor 
A 

digital  circuits  (paragraph  1.1.2. 4). 

A  color  monitor  unit  is  used  to  provide  the  operator  with  a  display  of  the  V  ,  V  ,  or 

/\  3 

(V  -  V  )  +  V  video  signals.  The  monitor  uses  the  system  sync  generated  by  the  sync 
A  3  A 

generator.  A  test  signal  is  routed  through  an  auxiliary  video  channel  for  alignment  of  the 
monitor.  Video  drive  signals  are  routed  from  the  AIME  video  processor  (see  paragraph 
1. 1.2.4)  to  each  of  the  color-gun  drive  ii^uts. 

A  sync  generator  is  provided  as  the  AIME  system  time-base.  The  sync  generator  provides 
a  variety  of  time  and  drive  signals  to  various  elements  of  the  AIME  system.  Four  signals 
are  routed  to  the  RBV  camera  system  (paragraph  1.1. 2. 5):  vertical  drive,  horizontal 
drive,  composite  blanking,  and  black  burst.  The  video  processor  digital  circuits 
(paragraph  1. 1.2.4)  utilize  the  first-field,  vertical  drive,  horizontal  drive,  and  com¬ 
posite  blanking  signals.  A  color  bar  test  pattern  signal  is  routed  through  the  TBC  and 
terminated  in  the  color  monitor.  This  signal  is  the  system  reference  for  TBC  and  a  test 
signal  for  the  color  monitor. 


1.1.3 


Inspection  Station 

The  initial  proposed  concept  for  the  AIME  Inspection  Station  envisioned  a  structure 
consisting  of  aluminum  framing  material  to  be  used  to  support  the  RBV  camera  assembly. 

The  aluminum  frame  material  was  readily  available  in  standard  sizes  and  considered  to 
provide  an  economic  rigid  support  for  the  RBV  camera.  The  shroud  was  comprised  of 
aluminum  plates  attached  to  t  le  structure  assembly  with  the  shroud  material  contributing 
to  the  overall  rigidity.  The  Inspection  Station  is  diagrammed  in  Figure  1-6. 

Further  luialysis  during  the  design  phase  indicated,  however,  that  the  structure/shroud 
would  have  insufficient  rigidity  to  maintain  the  0.0005  inch  orthogonality  between  the  camera 
and  holding  fixture.  A  more  rigid  camera  support  was  designed  using  bolted  aluminum 
plates.  The  camera  support,  which  is  similar  in  appearance  to  microscope  mount,  was 
fastened  directly  to  the  optical  table  surface.  In  addition  to  proving  more  rigidity  for  the 
camera,  the  camera  support  provided  a  convenient  mounting  structure  for  both  illuminators 
and  mirrors. 

Two  frontal  illuminators  are  located  180°  apart  and  slightly  defocused  filament  is  imaged 
on  the  hybrid  surface.  The  illumination  angle  established  by  an  Illumination  Analysis 
study  for  both  illuminators  was  determined  to  be  approximately  20°.  In  order  to  uniformly 
illuminate  the  2"  x  2"  hybrid  with  the  defocused  filament  image,  the  illuminators  must  l)e 
located  20  inches  from  holding  fixture.  To  reduce  the  overall  station  width,  both  illumina¬ 
tors  are  mounted  parallel  to  the  RBV  camera  and  adjustable  mirrors  are  used  to  fold  their 
beams  (see  Figure  1-7).  The  outside  dimensions  for  the  shroud  are  approximately  26" 
wide  X  28"  deep  x  36"  high. 

A  third  illuminator,  located  on  the  optical  table,  has  been  provided  to  produce  a  back 
lighting  mode.  Light  from  this  illuminator  will  be  folded  90°  by  locating  a  mirror  teneath 
the  holding  fixture  (see  Figure  1-8).  Since  scattered  light  from  the  illuminator  or  mirror 
incident  on  the  front  surface  would  decrease  contrast,  a  bellows  is  used  to  completely 
enclose  the  light  path  between  the  illuminator  and  holding  fixture. 
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It  was  determined  that  vibrations  generated  by  the  illuminator  cooling  motors  would 
cause  RBV  camera  imaging  difficulties.  Therefore,  the  motors  were  disconnected 
and  external  cooling  air  from  the  air  conditioner  unit  was  ducted  to  each  of  the  three 
illuminators.  Air  from  the  illuminators  is  exhausted  directly  into  the  shroud,  thereby 
creating  a  slight  positive  pressure  inside  the  shroud.  This  positive  pressure  pre¬ 
cludes  dust  inside  the  shroud. 

1.1.4  AIME  Software 

The  AIME  System  Software  will  consist  of  Data  General  Real-Time-Disc-Operating  System 
(RDOS),  the  Command-Line-Interpreter  (CLI),  the  AIME-Run-Time  System,  and  various 
utility  programs. 


1.1. 4.1  Real-Time-Disc-Qperating  System  (RDOS)  and  CLI 

RDOS  is  a  comprehensive  and  flexible  operating  system  normally  used  with  disc-based 
NOVA  systems.  RDOS  provides  a  comprehensive  file  system  that  gives  the  user  a  simple 
command  language  to  edit,  compile,  execute,  debug,  assemble,  save,  and  delete  files. 
File  protection  is  provided  by  a  number  of  system-defined  file  attributes.  All  peripheral 
devices  are  named  and  treated  as  files,  providing  device  independence  by  device  name. 
RDOS  provides  an  I/O  facility  with  buffered  and  spooled  operations.  The  operating  system 
allocates  unused  core  storage  for  dynamic  system  buffers  and  overlays. 


The  Command  Line  Interpreter  (CLI)  is  a  dynamic  interface  to  RDOS  via  the  console  and 
translates  the  input  as  commands  to  the  operating  system.  Tlje  system  restores  the  CLI  to 
core  whenever  the  system  is  idle  -  after  Initialization,  after  a  disc  bootstrap,  after  the 
execution  of  a  program,  etc.  The  CLI  indicates  that  it  is  in  control  by  inputting  a  ready 
message  "R"  followed  by  a  carriage  return. 


1. 1.4.2  Run-Time  System 


1. 1.4.2. 1  General 

The  AIME  Run-Time  Siystem  (ARTS)  will  perform  the  functions  pf  program  generation, 
and  test  execution.  It  will  be  written  in  high  level  language  (ALGOL)  utilizing  structured 
programming  techniques  to  obtain  modularization  for  ease  of  maintenance  and  understanding. 
Assembly  language  modules  shall  be  minimized  and  used  only  wdiere  necessary  for  speed 
or  special  purpose  programming  such  as  required  in  image  processing.  Certain  existing 
software  modules  from  the  AIDE  System  have  been  used  with  minor  modifications: 
AIMERTSINIT,  GETLINE,  LIGHT,  READINPUT,  READMEAS,  RTSEXT,  RTSTERM, 
and  WAIT  FOR.  The  ARTS  will  operate  under  RDOS  Rev  6. 

The  highest  level  software  module  will  function  an  an  interpreter  which  can  be  utilized  in 
(  an  on-line  mode  (manual  mode),  or  execute  a  previously  generated  test  sequence  (auto  or 

semi-auto  modes). 

Program  generation  will  be  accomplished  either  on-line  or  off-line.  On-line  program 
i  generation  will  allow  the  user  to  try  various  setups  for  X-Y  position,  zoom,  illumination, 

etc.  When  a  specific  test  setup  is  decided  upon,  the  system  software  will  remember,  on 
operator  command,  the  exact  setup  and  will  place  the  test  setup  in  sequence  with  respect 
to  other  tests.  Off-line  programming  will  be  accomplished  hy  writing  a  legal  sequence  of 
interpreter  commands  and  data.  Upon  execution  of  a  program,  any  illegal  commands  or 
missing  data  will  result  in  error  messages  being  displayed  to  the  user. 


'Hie  result  of  either  off-line  or  on-line  program  generation  will  be  a  source  file  listing, 
comprised  of  interpreter  commands  and  data.  This  test  program  sequence  is  readily 
modifiable,  through  the  use  of  a  text  edit  program  similar  to  the  one  used  on  the  EQUATE 
AN/USM-410  system. 

Actual  testing  is  initiated  by  typing  in  the  command  'TESTT'  on  the  CLl.  If  TEST/A 
'NAME'  is  entered,  the  test  sequence  in  the  file  'NAME'  will  be  executed  in  the  automatic 
mode.  If  TESr/S  'NAME*  is  entered,  the  test  sequence  will  be  executed  in  the  semi¬ 
automatic  mode.  Where  'TEST'  is  not  followed  'NAME',  the  system  will  be  in  the 
manual  mode  and  will  respond  to  and  execute  specific  interpreter  commands  on  the  keyboard 
terminal. 


1.1. 4. 2. 2  Structure 

Figure  1-9  shows  the  basic  structure  of  the  system  control  elements  of  the  system  software. 
The  key  elements  are  as  follows; 

•  Iigxit 

via  keyboard  (manual  mode) 

existing  test  program  (auto  and  semi-auto  modes) 

•  Interpreter 

Interprets  input  command 

checks  for  required  data 

calls  appropriate  software  module 

•  Error  Message  Module 

displays  error  message  for  improper  command  or  data 


1-30 


INITIALIZE 

RTS  -  AUTO  &  SEMI-AUTO  MODES 


Software  Modules 


one  module  for  each  major  function 

-  DISPLAY 

RTS  INITIALIZER 
RTS  TERMINATOR 

-  XY  POSITION 

-  UUT  ALIGNMENT 

-  ILLUMINATION 
ZOOM  CONTROL 

-  VIDEO  RECORDER  CONTROL 

-  HARDWARE  REGISTER  CONTROL 

-  IMAGE  PROCESSING 

-  PASS/FAIL  DETERMINATION 

-  TEST  PROGRAM  GENERATION 

-  MASK  GENERATION 

-  returns  to  interpreter  upon  completion 
Common  Data  Storage 

one  'external'  module 
accessible  by  all  modules 
stores  current  status  of  system  hardware 
Keyboard  Task 

-  distinguishes  between  control  keys  and  other  inputs 
allows  direct  control  of  hardware  via  keyboard 

activates  test  program  generation  module  with  a  'TESTGEN'  key 


1.1. 4. 2. 3  Test  Program  Generation 


The  test  program  generator  will  be  used  to  create  automatic  and  semi-automatic  test  programs 
for  substrates  and  pre-cap  hybrids  respectively.  To  create  a  test  program,  the  operator 
enters  the  command  TEST.  This  will  activate  the  system  and  enable  the  user  to  manipulate 
the  system  from  the  keyboard.  Sectors  have  been  designated  for  the  user  in  positioning 
the  image  or  the  monitor.  The  higher  the  zoom  ratio,  the  greater  the  number  of  sectors. 
Sectors  are  square  in  shape  and  are  numbered  from  left  to  right  and  from  the  top  down. 

When  a  suitable  image  is  seen  on  the  monitor  the  operator  pushes  the  'TESTGEN*  keyboard 
button  which  results  in  the  following  system  actions: 

( 1 )  Interrogation  of  all  system  status  registers  and  storage  of  the  current  setup 
data  for  the  image, 

( 2 )  The  generation  of  a  set  of  commands  and  related  setup  data,  which  when 
executed  at  a  later  date  will  result  in  the  exact  same  setup  conditions, 

(3 )  Indexing  and  storage  of  the  image  on  the  video  disc-recorder, 

(4 )  The  generation  of  a  MASK  for  the  current  image  for  the  automatic 
test  program. 

1.1.4. 3  The  Operator  Keyboard 

Figure  1-lOishows  the  configuration  of  the  keys  in  the  keyboard  on  the  display  terminal. 

The  keys  pertinent  to  the  AIME  system  are  summarized  below: 

•  HALT  to  terminate  testing. 

•  PAUSE  to  temporarily  postpone  execution  of  a  program. 

•  PROCEED  when  an  operator  action  is  required,  this  key  is 

used  to  resume  testing. 
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•  YES/ PASS 
NO/ FAIL 

•  CMD 


These  dual  purpose  keys  are  used  when  responding  to 
a  YES/NO  or  PASS/FAEL  decision. 

The  11  keys  below  the  CMD  buttom  are  recognized  as  test 
control  commands  only  when  the  £ommand  is  preceeded  by 
the  depression  of  the  CMD  key. 


The  11  lower  keys  are  primarily  used  while  operating  in  the  manual  mode. 

•  ZM  1  to  select  one  of  four  £oom  ratios  for  the  RBV. 

ZM  1.67 
ZM  3.6 
ZM  10 


•  FR 
BK 

•  RECALL 

•  REC'D 

•  DIFF 

•  TESTGEN 

•  COMM 


to  select  either  front  or  back  illumination  for 
the  UUT. 

to  recall  a  video  image  off  the  disc  recorder  for  display¬ 
ing  purposes  on  the  color  monitor.  The  track  is  selected 
by  the  operator. 

to  record  a  video  image  onto  the  disc  recorder,  the 
track  being  selected  by  the  operator, 
to  display  the  difference  video  on  the  color  monitor, 
to  automatically  genferate  a  test  program  using  the 
current  setup  conditions. 

this  key  is  used  in  the  semi-automatic  mode  as  a  means 


for  the  operator  to  store  any  applicable  comments  he  may 
make. 


The  remaining  keys  are  located  on  the  middle  keypad  (Figure  1-8)  and  are  used  for  image 
)X>sltioning: 

•  SECT  When  a  specific  sector  wants  to  be  seen,  depressing  this 

key  will  ask  the  operator  to  input  any  sector  number. 

•  HOME  This  will  position  the  RBV  to  sector  1. 

•  ►  I  — —  These  4  keys  will  position  the  RBV  to  the  appropriate 

adjacent  sector. 

Depending  on  whether  the  generated  teat  prc^ram  is  to  run  in  the  automatic  or  semi¬ 
automatic  mode,  the  proper  command  for  computer  image  processing/computer  decision 
or  operator  inspection/operator  decision  will  be  added.  The  user  will  then  proceed  by 
using  the  various  commands  to  set  up  further  images  and  repeating  the  process  above, 
until  a  suitable  number  of  reference  images  have  been  obtained.  The  test  program 
generation  process  will  then  be  ended  when  the  HALT  button  is  pressed.  This  will  add 
a  pass/fail  decision  command  to  the  end  of  the  test  program.  The  resultant  test  program 
can  bo  printed  out  at  any  time  for  reference  or  permanent  record. 

1. 1.4.5  Mask  Generation 


The  mask  generator  (software  module  MASKGEN)  will  be  used  to  generate  a  mask  for 
each  reference  image  operating  in  the  automatic  mode.  Where  an  etch  boundary  exists, 
the  mask  will  consist  of  a  block  of  'flu’s  with  'I’s  elsewhere.  The  width  of  the  block  of 
*Cf's  will  be  sufficient  magnitude  to  mask  out  offset  and  registration  errors.  The  resul¬ 
tant  mask  will  then  be  stored  as  a  disc  file.  During  an  automatic  mode  run,  the  appro¬ 
priate  mask  will  be  read  into  the  computer  memory  and  "AND  ed"  with  the  difference 
video  data.  The  resultant  data  is  then  ready  for  flie  image  processing. 
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1.2  PHYSICAL  DESCRIPTION 


Figure  1-11  shows  the  physical  layout  of  the  AIME  system.  Hiere  are  basically  two 
major  units  of  the  AIME  demonstration  system: 

•  Control/ Display  Station 

•  Inspection  Station 

Figures  1-12  and  1-13  illustrate  the  actual  Control/ Display  Station  and  Inspection  Station 
respectively. 

1.2.1  Control/Display  Station 

The  Control/Display  Station  consists  of  two  racks  which  contain  all  the  control  and 
processing  electronics  in  addition  to  the  video  monitor  unit,  a  separate  table  for 
the  display/keyboard  unit,  and  a  stand  alone  character  printer. 

Both  racks  are  78"  high,  30"  deep,  and  accommodate  standard  19"  wide  panels.  The 
riglit  hand  unit  has  a  pull-out  writing  surface  located  just  below  the  video  monitor. 

Also,  in  this  rack  are  the  power  supply  units  for  the  RBV  electronics  and  illuminators. 
The  AIME  power  distribution  and  RBV  electronics  chassis  complete  the  right  rack 
assembly. 

The  left  rack  consists  of  the  computer  and  disc,  video  recorder,  sync  generator, 
and  timebase  corrector,  as  well  as  the  I/O  Processor  chassis.  Both  racks  contain 
their  own  blower  assemblies  for  cooling.  The  racks  are  connected  together  to  form  a 
single  unit.  There  is  no  center  panel  separating  the  two  racks.  Elimination  of  this 
panel  permits  easier  inter- rack  wiring. 
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Figure  1-11  .AIME  Demonstration  Configuration 
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Table  1-2  contains  the  major  physical  characteristics  of  the  elements  contained  in  the 
Control/ Display  Station. 


TABLE  1-2  Control/Display  Station  Elements 
Physical  Characteristics 


DEVICE 

1 

WEIGHT 

(lbs.) 

DIMENSIONS 

H  X  W  X  D),  inches 

Computer 

130 

10.5  X  19  X  21 

Disc  Subsystem 

157 

10.5  X  19  X  30 

Display/Keyboard 

52 

15  X  22  X  21 

Printer 

60 

33.5  X  27.5  X  21 

Video  Disc  Recorder 

38 

6.5  X  16.24  X  17,5 

Time-Base  Corrector 

60 

8.75  X  17  X  20.5 

Color  Video  Monitor 

98 

18.5  X  17  X  22 

Illumination  Power  Supply 
<3  total) 

100 

11  X  11  X  6 

Sync  Generator 

21.5 

19.2  X  19  X  3.5 

I/O  Processor  Chassis 

61 

16  X  17  X  19 

RBV  Electronics  Chassis 

25 

11  X  17  X  19 

RBV  Power  Supply  Chassis 

47 

5  X  17  X  19 

Power  Distribution  Chassis 

25 

7  X  17  X  19 

Blowers  (2  total) 

25 

7  X  17  X  19 

1.2.2  Inspection  Station 

The  Inspection  Station  diagrammed  in  Figure  1-14  contains  the  vertically  mounted  RBV, 


three  illuminators,  and  hybrid  holding  fixture.  Because  of  the  rigidity  required,  the 


Figure  1-14.  fiispection  Station 


Cooling  air  for  the  RBV  and  illuminators  is  provided  by  the  air  conditioner  unit  which 
consists  of  a  standard  5000  BTU  window  type  air  conditioner;  a  300  CFM  centrifugal 
fan;  air  collection  plenum;  dual  outlet  tubes  with  dampers;  connecting  hoses.  To  re¬ 
duce  vibrations,  the  air  conditioning  unit  is  located  remote  from  the  inspection  station 
and  its  output  is  ducted  through  flexible  hoses.  The  small  vacuum  pump  is  mounted 
on  top  of  the  air  conditioning  unit  and  provides  a  25  liter  per  minute  vacuum  for  the 
holding  fixture. 

The  holding  fixture  provides  four  degrees  of  freedom,  a  vacuum  holding  capability,  and 
precise  three  point  locating  pins  as  shown  in  Figure  1-15.  Three  translation  stages  are 
used  to  produce  x,  y,  and  z  positioning.  Angular  positioning  is  obtained  by  fastening  the 
orthogonally  mounted  translation  stages  on  a  plate,  which  is  attached  to  the  angular,  e, 
adjustment  stage.  A  thumb  screw  is  provided  to  secure  this  adjustment.  Three  guide 
pins  provide  a  repeatable  reference  on  the  stainless  steel  reference  plate.  The  reference 
plate  is  located  on  the  mirror  holder  assembly.  This  assembly  houses  the  mirror  which 
is  used  for  back-illumination.  There  is  also  a  cut-out  section  in  the  reference  plate. 

This  cut-out  is  large  enough  to  implement  the  back-illumination  as  well  as  accepting  a 
special  holding  unit  for  smaller  than  2"  x  2"  hybrid  or  substrate  assemblies. 

The  optical  table  is  fabricated  from  a  very  strong,  light  weight,  all  metal  honeycomb 
structure  with  a  precision  ground  stainless  steel  top  surface.  An  array  of  1/4-20  tapped 
holes  on  two  inch  centers  allows  the  stable  mounting  of  bolted  accessories. 


Three  illuminators  are  mounted  inside  the  shroud  and  on  the  structure.  Two  of  the 
illuminators  are  moimted  to  the  left  and  right  of  the  RBV  assembly.  The  third  illumin¬ 
ator  is  mounted  behind  the  RBV. 

The  light  from  the  illuminators  will  be  projected  on  the  UUT  via  three  mirrors.  By  this 
method,  there  will  be  two  illuminators  for  illuminating  the  top  of  the  UUT  and  the  remain' 
ing  illuminator  will  be  used  for  back-illumination. 
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GUIDES 


Figure  1-15.  Holding  Fixture 


1.3  SYSTEM  OPERATION 

During  the  visual  inspection  process,  the  AIME  system  executes  certain  operations. 

These  operations  setup  the  proper  conditions  required  to  obtain  the  data  necessary  for 
evaluation  of  the  Unit  Under  Test  (UUT)  either  a  substrate  or  pre-cap  hybrid  assembly. 
Summarized,  these  operations  are: 

•  The  selection  of  either  front  or  back  illumination  of  the  UUT. 

•  The  selection  of  zoom  ratio  or  magnification  factor  of  the  UUT  image. 

•  Sector  or  position  selection  of  the  UUT  image  which  determines  the  area 
to  be  evaluated. 

•  Video  disk  recorder  operation  to  record  or  retrieve  the  reference  video  ims^e. 
This  is  the  image  to  which  the  UUT  will  be  compared  when  evaluating  thick- 
film  substrates. 

•  Display  control  of  the  video  monitor. 

•  Test  program  generation.  This  is  the  AIME  system's  capability  to  automatically 
create  a  test  sequence  program  which  is  used  to  inspect  a  UUT. 

The  test  system  evaluates  the  UUT  in  either  of  the  two  ways: 

(1)  By  presenting  a  magnified  image  of  the  UUT  on  a  video  monitor  for  evalu¬ 
ation  by  the  test  system  operator. 

(2)  By  an  automatic  process  which  evaluates  digital  data  inputted  to  the  com¬ 
puter.  The  digital  data  represents  a  computer  core  image  of  the  faults  con¬ 
tained  on  the  UUT. 

All  these  operations  are  necessary  in  some  repeatable  sequence  for  the  successful 
inspection  of  a  printed  substrate  or  pre-cap  hybrid  assembly. 

1.3.1  Operation  Modes 

Execution  of  these  operations  is  under  the  complete  control  of  the  computer/ control 
subsystem.  Interventions  by  the  system  operator  are  minimized  to  optimize  the  in¬ 
spection  process.  These  operations  can  be  executed  in  three  (3)  distinct  ways. 


1.  In  the  Manual  Mode  the  operator  has  the  capability  of  selecting  any  combina¬ 
tion  of  operations  to  suit  his  needs.  This  mode  can  be  used  to  inspect 
printed  substrates  or  pre-cap  hybrid  assemblies. 

2.  In  the  Semi-Automatic  Mode  is  is  assumed  that  a  test  sequence  has  been 
generated  for  a  particular  (JUT.  Operation  in  this  mode  means  the  execu¬ 
tion  of  this  predetermined  sequence  with  the  sequence  stopping  after  the 
test  conditions  have  been  setup.  This  mode  of  operation  can  be  used  to  in¬ 
spect  printed  substrates  or  pre-cap  hybrid  assemblies. 

3.  In  the  Automatic  Mode,  the  entire  test  and  evaluation  sequence  is  under 
complete  control.  This  process  is  intended  only  for  the  inspection  of  printed 
substrates.  The  only  required  operator  action  is  installation  of  the  UUT 

in  the  Inspection  Station  and  the  start  of  the  inspection  process.  Like  the 
semi-automatic  mode,  an  inspection  sequence  must  have  been  previously 
generated. 

Control  of  these  operations  by  the  computer/control  subsystem  ensures  that  each  execu¬ 
tion  of  a  required  operation  will  be  identical  each  time  it  is  performed.  Although  the 
video  processing  and  evaluation  is  relatively  complex,  the  computer  execution  time  is 
extremely  fast.  This  results  in  location  and  evaluation  of  substrate  defects  significantly 
faster  than  can  be  performed  by  microscope  further,  the  use  of  a  programmed  test 
sequence  ensures  that  no  selected  area  of  the  UUT  will  miss  visual  inspection. 

1.3.2  Illumination;  Control 

Control  of  the  illumination  provides  the  selection  of  either  front  or  rear  illumination. 
Selecting  front  illumination  allows  the  operator  to  Illuminate  the  top  of  the  UUT.  Rear 
illumination  allows  the  operator  to  illuminate  the  UUT  from  the  back.  The  rear  mode 
is  intended  only  for  translucent  printed  substrates  and  can  be  used  with  substrates  that 
have  a  high  precentage  of  rear  surface  metalization.  The  level  intensity  of  the  illumina 
tion  is  determined  by  the  requirements  of  RBV  camera  located  in  the  Inspection  Station. 
These  levels  are  preset  and  are  keyed  to  the  zoom  ratio  selected. 
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1.3.3 


Zoom  Ratio 


The  AIME  Demonstration  ^stem  allows  the  selection  of  four  possible  zoom  ratios 
of  magnification  factors.  This  allows  a  close-up  inspection  of  the  UUT.  The  inspec¬ 
tion  area  for  a  given  zoom  ratio  is  provided  in  the  table  below: 

Zoom  Ratio  Dimensions  of  the  Inspected  Area 

1:1  2"x2" 

1,4:1  1. 44"  X  1.44" 

3,6:1  .60"x  .60" 

10:1  .22"  X  .22"' 

Note  that  tor  zoom  ratios  greater  than  1:1,  a  small  amount  of  overlapping  (10%)  is 
is  given  to  minimize  any  errors  due  to  boundary  conditions  at  the  edges  of  RBV  image 
and  ensure  that  the  entire  surface  of  the  test  specimen  is  evaluated. 


1.3.4 


Position  Selection 


When  zoom  ratios  of  either  3,6:1  or  10:1  are  used,  the  RBV  image  must  be  repositioned 
so  that  the  entire  UUT  can  be  inspected.  This  is  done  by  specifying  the  X  and  Y  coordi¬ 
nates  of  the  center  of  the  desired  RBV  image.  This  has  been  simplified  for  the  operator 
by  supplying  him  with  a  map  of  the  UUT  inspection  area  on  the  computer  display.  This 
map  is  divided  into  sector  numbers,  the  total  number  of  which  is  determined  by  Uie 
z^om  ratio  selected.  There  are  4  sector  positions  for  tiie  3, 6:1  zoom  ratio  and  49  sector 
positions  for  the  10:1  zoom  ratio.  A  1.4"  by  1.4"  inspection  area  (that  of  the  test  sub¬ 
strates)  is  assumed. 

\ 

\ 

1 . 3. 5\  Video  Disc  Recorder  Operation 

The  vi^eo  disk  recorder  is  used  to  store  the  referenced  images  of  the  selected  UUT  sector. 
The  cot\iputer /control  subsystem  maintains  the  status  of  this  device  by  reading,  via  re¬ 
mote  linVs,  the  present  mode  of  operation.  The  computer  will  modify  the  mode  as  required 
to  accomplish  the  required  task.  The  functions  which  can  be  performed  are: 
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•  track  selection 

•  recording  of  a  video  image 

•  playback  of  a  video  image 

1.3.6  Video  Monitor  Display  Control 

The  image  presented  on  the  Video  Monitor  can  be  controlled  by  the  computer.  There 
are  three  (3)  possibilities: 

1.  Display  of  the  live  RBV  image  which  represents  the  selected  view  of  the 
UUT. 

2.  Display  of  the  video  disk  reorder  output  which  represents  the  stored  reference 
images. 

3.  Display  of  the  live  RBV  image  widi  die  video  differences  data  superimposed 
The  video  difference  data  is  the  algebraic  difference  between  the  live  RBV 
(V  )  and  the  video  disc  recorder  (V  ).  If  there  is  an  area  over  which 

V^  >  Vg  ®  color  is  superimposed.  If  an  area  exists  where  V^  >  V^ 
then  a  green  color  is  superimposed  on  the  video  monitor  display. 

1.3.7  Test  Program  Generation 

A  test  sequence  can  be  generated  in  the  Manual  operating  mode  by  setting  up  the 
illumination,  zoom  ratio,  and  sector  and  depressing  a  "TESTGEN"  button  on  the  computer 
terminal  keyboard.  The  computer  will  store  these  settings  and  append  them  to  the  source 
file  indicated  by  the  operator.  The  source  file  then  represents  the  inspection  sequence 
for  the  UUT. 

Once  a  test  program  has  been  generated,  it  can  be  executed  in  two  (2)  ways,  the  automatic 
mode  or  the  semi-automatic  mode. 


SECTION  2 

PROGRAM  ACCOMPLISHMENTS 


2.1  SYSTEM  ANALYSIS 

During  the  initial  phase  of  the  program  system  studies/analyses  were  conducted  to  convert 
the  thick-film  hybrid  visual  inspection  requirements  (Method  2017. 1,  MIL-STD-883A) 
into  definitive  AIME  system  concepts  and  baseline  design  requirements  for  the  demon¬ 
stration  model  hardware  and  software.  Hiese  analyses  include: 

1)  Review  of  typical  conductor  faults  in  hybrid  thick-film  substrates  and  visual  in¬ 
spection  acceptance/rejection  criteria  to  establish  the  design  characteristics  of 
The  AIME  demonstration  model.  Hits  analysis  also  served  as  the  design  criteria 
for  the  test  sample  substrates  that  were  fabricated  to  evaluate  demonstration 
model  performance. 

2)  An  illumination  analysis  to  establish  illumination  design  characteristics  (type, 
intensity,  spectral  properties,  geometry)  for  the  demonstration  model. 

3)  An  investigation  into  other  possible  visual  inspection  techniques  using  other  than 
an  RBV  scanning  system. 

4)  An  investigation  into  the  system  operation  timing  requirements  to  confirm  that 
the  design  concepts  postulated  for  the  demonstration  model  were  applicable  to  a 
"production  system"  with  an  operation  goal  of  750  substrates/hour. 

5)  Development  of  an  AIME  misregistration  error  budget. 

The  above  analyses  were  conducted  and  incorporated  into  the  system  concepts  and  base¬ 
line  design  requirements,  which  were  reviewed  and  approved  by  the  ERADCOM  Technical 
Monitor  at  the  AIME  Preliminary  Design  Review,  conducted  at  RCA-Automated  Systems, 

31  January  1978.  Details  of  these  analyses  are  provided  in  the  following  paragraphs. 


2.1.1  Hybrid  Analysis 

This  analysis  considered  a  review  of  typical  conductor  faults  in  hybrid  thick -film  sub¬ 
strates  that  result  from  normal  printing,  probing  and  work-in-process  handling  in  general. 

The  analysis  specifically  addressed  the  requirements  of  the  contract  to  demonstrate  auto¬ 
matic  inspection  of  good  and  deliberately  faulted  substrates. 

2. 1.1.1  Demonstrate  Substrates 

Table  2-1  delineates  the  substrate  defect  types  that  were  selected  for  use  in  the  AIMS 
evaluation.  Each  of  the  10-image  substrates  that  were  produced  for  this  purpose  take  the 
form  shown  in  Figure  2-1.  Each  of  the  10  images  on  the  substrate  contain  lines  with  the 
different  widths  and  different  spacing  designted  around  the  border  in  the  figure.  The  basic  types 
of  patterns  are  similar  to  one  another,  differing  only  as  the  conductor  densities  differ. 

There  is  a  right-hand  and  left-hand  symmetry  to  each  of  the  10  patterns.  This  approach 
allows  a  fault  to  be  placed  in  each  half  of  the  same  substrate  at  topographically  similar 
locations.  One  fault  is  designated  to  simulate  a  "spec-limit"  condition  and  the  other 
fault,  to  simulate  a  more  typical  condition. 

There  are  two  groups  of  demonstration  substrates  necessary  to  show  AIME  equipment  per¬ 
formance  at  two  critical  in-process  substrate  inspection  points:  (1)  after  printing  and 
drying  of  the  gold  conductor  layer  and  firing  the  resistor  layer  that  uses  lOOK  ohm/square 
ink.  The  demonstration  peints  in  the  processing  are  depicted  in  Figure  2-2  by  the  in¬ 
spection  triangles  with  double  lines.  Note  that  no  automatic  inspection  was  planned  when 
the  inks  are  wet  even  though  such  an  inspection  would  be  very  desirable  for  production 
versions  of  AIME  type  equipment.  After  all,  this  is  the  inspection  point  that  can  be 
most  effective  in  identifying  an  out-of-control  process  and  for  initiating  immediate 
corrective  action.  But  "wet"  ink  inspection  demonstrations  are  impractical 
on  this  program  simply  because  of  the  logistics  of  handling  in  conjunction  with  on-going 
hardware/software  debugging. 
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Table  2-1.  Demonstration  Substrates 


LOT 

DESCRIPTION  OF  10- IMAGE 

NIMBER  OF 

SUBSTRATE  PLATES 

NO. 

SUBSTRATE  PLATES 

DRIED  GOLD 

FIRED  GOLD/RESISTORS 

1 

FAULT  FREE 

10 

10 

2 

OPEN  CONDUCTORS  (VOIDS) 

2 

2 

3 

SHORTS  &  WHISKERS  BETWEEN  CONDUCTORS 

2 

2 

4 

NO  PRINT  OF  SELECTED  CONDUCTORS 

2 

2 

5 

NARROW  CONDUCTOR 

2 

2 

6 

WIDE  CONDUCTOR 

2 

2 

7 

SCRATCHES 

2 

2 

8 

MISLOCATED  LINES 

10 

10 

,  9 

SMEARED  LINES 

2 

2 

10 

COMBINATION  OF  2,  3,  4,  7  &  9 

2 

2 

MultipIe-lni;iKf  Demonstration  Pattern 


I 
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DEMO  1  —  IN  PROCESS 

DEMO  2  — -  FINAL  (PRE-ASSEMBLY) 


Figure  2-2.  Demonstrations  of  Substrate  Inspection 


The  two  inspection  points  that  were  demonstrated  are  meaningful  points  in  a  real  pro¬ 
duction  flow.  Corrective  action  can  be  taken  on  printed  substrates  rejected  after  drying 
before  firing:  and  the  final  substrate  inspection  is  routinely  performed  normally  on  a 
100%  basis  before  moving  the  substrates  on  to  the  next  level  of  assembly  where  chip  parts 
are  added. 

2. 1. 1. 2  Substrate  Faults 


2.1. 1.2.1  Substrate  Cracks 

Table  2-1  identifies  all  faults  and  fault  combinations  delineated  in  the  Statement  of  Work 
except  for  substrate  cracks.  In  general,  substrate  crack  widths  fall  below  the  0.  5  mil  re¬ 
solution  of  the  demonstration  system.  To  develop  the  hardware  necessary  to  automatically 
detect  cracks  would  expend  time  and  money  beyond  the  scope  of  this  effort.  In  addition, 
substrates  rarely  stay  cracked  during  substrate  printing,  drying  and  firing.  They  break: 
The  potential  for  cracking  during  assembly  is  less  rare,  therefore  although  no  automatic 
inspection  was  attempted  on  cracked  substrates,  manual  inspection  in  the  pre-cap  hybrid 
mode  was  assessed  using  specimens  of  RCA  Automated  Systems  (RCA-AS)  products  known 
to  have  substrate  cracks. 


2.1. 1.2.2  Basic  Methods  for  Simulating  Substrate  Faults 
2.1. 1.2.2. 1  Designed  Faults  in  Screens  (Masks) 

The  following  faults  identified  in  Table  2-1  were  simulated  by  appropriate  modification 
of  the  basic  layout  of  the  10-image  pattern: 


Lot  No.  2 

3 

4 

5 

6 

10 


Opens  (voids) 

Shorts  and  Wiskers 
No  Print 

Narrow  Conductor 
Wide  Conductor 

Combination  (as  applicable  for  above  faults) 


2. 1.1. 2. 2. 2  Manually  Induced  Faults 

The  following  faults  identified  in  Table  2-1  were  simulated  by  manual  faulting  of  printed 
substrates: 

Lot  No.  7  Scratches 

9  Smeared  Lines 

10  Combination  (as  applicable  for  manually  induced  faults) 

Lot  No.  8  for  mislocated  lines  is  a  special  case  in  which  the  faults  were  produced  by 
deliberately  misaligning  the  substrate  by  known  amounts  during  the  printing  operations. 

2.1. 1.2.2.  3  Distribution  of  Faults 

The  10  different  images  defined  by  Figure  2-1  can  be  divided  into  two  basic  groups:  a 
fine-line  group  and  a  medium-line  group.  For  some  of  the  fault  types  it  was  useful  to  take 
advantage  of  similarities  between  the  two  groups  to  derive  more  information  from  the  test 
samples.  For  example,  all  patterns  with  4-mil  lines  can  have  identical  void  patterns  in¬ 
troduced  on  the  conductors,  but  the  designed  fault  can  be  located  differently  on  each  of  the 
patterns.  Thus  the  local  region  around  the  fault  will  present  a  different  video  picture  to 
the  system  even  though  the  faults  are  the  same.  Similarly,  all  patterns  with  4-mil  spaces 
between  conductors  can  have  identical  short  circuits  introduced  at  different  locations  on  the 
patterns. 
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2.1. 1.2.3  Detailed  Fault  Description 

The  following  paragraphs  describe  the  faults  that  were  provided  in  the  demonstration  sub¬ 
strates. 


2.1. 1.2.3. 1  Open  Conductors  (Voids) 

Open  conductors  (or  voids)  typically  occur  during  the  printing  process  because  of  a  plugged 
screen  caused  by  lint  or  drying  ink.  Voids  were  designed  into  the  layout  itself  so  that 
faults  of  lot  no.  2  could  be  produced  in  a  controlled  manner.  Figure  2-3  illustrates  the 
design  of  conductor  voids.  Note  that  in  addition  to  a  limit  type  fault,  three  sizes  of  typical 
faults  were  provided,  one  of  which  is  illustrated.  The  other  two  faults  close  the  gap  between 
conductors  to  1/2  and  1/3  the  separation  shown.  The  designed  faults  were  distributed  as 
follows  among  the  10  patterns  in  accordance  with  the  general  thinking  outlined  in  paragraph 
2.1. 1.2.2. 3. 


Fine  Line  Patterns; 

Pattern  No« 

1  Faults  on  long  horizontal  line;  Limit  and  typical  size  1 

2  Faults  on  long  vertical  lines:  Limit  and  typical  size  1 

3  Faults  on  short  horizontal  line:  Limit  and  typical  size  2 

4  Faults  on  short  vertical  lines:  Limit  and  typical  size  2 

9  Faults  on  vertical  lines;  Typical  size  2  and  typical  size  3 

10  Faults  on  horizontal  lines:  Typical  size  2  and  typical  size  3 

Medium  Line  Patterns 
Pattern  No. 

5  Faults  on  long  horizontal  line;  Limit  and  typical  size  1 

6  Faults  on  long  vertical  line:  Limit  and  typical  size  1 

7  Faults  on  short  horizontal  line:  Limit  and  typical  size  3 

8  Faults  on  long  vertical  line:  Limit  and  typical  size  3 
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Figure  2-3.  Fault  Designs:  Open  Conductors  (Voids) 


2.1. 1.2. 3. 2  No- Print  of  Selected  Conductors 


"No-print"  conditions  make  open  conductors  as  deadly  to  a  hybrid  circuit  as  the  voids 
discussed  in  2. 1. 1. 2. 3. 1.  But  the  causes  of  no-print  conditions  are  different.  If  the 
printer  has  not  been  set  up  properly  or  gets  out  of  adjustment,  defective  printing  occurs. 

But  even  with  proper  adjustment  of  equipment,  a  line  or  lines  can  misprint  because  of  a  poor 
substrate  -  one  with  excessive  camber.  A  "no-print",  in  fact,  quite  often  leaves  behind 
some  line  indication  with  mesh  marks. 

Figure  2-4  shows  the  design  for  faults  due  to  missing  printed  conductor  in  varying  degrees. 
At  the  top  of  the  figure  is  drawn  a  "Limit  fault"  that  in  effect  simulates  a  condition  where 
continuity  still  remains  in  the  conductor  at  the  two  edges  of  the  design  line.  But  then 
less  and  less  material  is  left  behind  in  the  typical  faults  simulated  below  the  limit  fault. 

Following  an  approach  similar  to  that  described  for  voids  in  2. 1.1. 2. 3.1,  the  different 
degrees  of  fault  conditions  were  appropriately  distributed  at  different  relative  locations 
among  the  10  patterns. 

2. 1.1.2. 3. 3  Shorts  and  Whiskers  Between  Conductors 

Shorts  and  whiskers  are  formed  during  the  printing  process  primarily  due  to  printer  adjust¬ 
ment  problems  with  poor  screen  breakaway  from  the  substate.  A  low  viscosity  ink  can  cause 
the  problem  as  well  as  excessive  camber.  The  fault  conditions  are  more  likely  in  large- 
area  screen  printing  that  challenges  the  printer  to  its  limit. 

Figure  2-5  shows  the  fault  designs  to  simulate  printed  defects  by  means  of  the  layout. 

Note  that  these  faults  are  essentially  the  opposite  of  voids.  The  faults  were  distributed 
among  the  Fine  Line  Patterns  and  Medium  Line  Patterns  in  accordance  with  the  same  plan 
as  shown  for  voids  (para.  2. 1. 1.2. 3. 1);  e.  g. ,  pattern  No.  1  contains  faults  on  a  long 
horizontal  line  with  the  left-hand  side  of  the  pattern  containing  the  limit  fault  and  the  right- 
hand  side  of  the  pattern  containing  the  typical  size-1  fault. 
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Figure  2-4.  Fault  Designs  No  Print  of  Conductor 


Figure  2-5.  Fault  Designs:  Shorts  and  Whiskers  between  Conductors 


2. 1.1. 2. 3.4  Narrow  Conductors 

Conductors  were  made  narrower  than  their  design  widths  to  0.5-mil  granularity 
by  deliberate  layout  designs.  All  lines  of  a  given  pattern  were  reduced  by  the  same 
amount.  Taking  advantage  of  the  right-hand  and  left-hand  symmetry  of  each  pattern 
to  increase  the  number  of  combinations,  the  distribution  of  the  various  narrow  lines 
was  as  follows: 


Fault  Design 

Normal  Design 

Pattern  No. 

Line  Width 

Line  Width 

(mils) 

(mils) 

LEFT 

RIGHT 

1 

3.5 

3.0 

4 

2 

2.5 

2.0 

4 

3 

4.0 

3.5 

5 

4 

3.0 

2.5 

5 

5 

7.0 

6.0 

8 

6 

5.0 

4.0 

8 

7 

8.0 

6.0 

10 

8 

5.0 

4.0 

10 

9 

3.0  &  4.0 

2.5  &  3.5 

4  & 

10 

2.0  &  3.0 

1.5  &  2.5 

4  & 

"Although  screens  were  generated  for  these  patterns,  printing  difficulties  were 
encountered  in  achieving  consistant  line  widths  for  the  very  narrow  conductors." 


2. 1.1. 2. 3.5  Wide  Conductors 

Conductors  were  made  wider  than  their  design  to  0.5-mil  granularity  by  deliberate  layout 
design.  All  lines  of  a  given  pattern  were  increased  by  the  same  amount.  Taking 
advantage  of  right-hand  and  left-hand  s}rmmetry  to  increase  the  number  of  combinations, 
the  distribution  of  various  wide  lines  is  as  follows: 

Fault  Design  Normal  Design 

Pattern  No.  Line  Width  Line  Width 

(mils)  (mils) 

LEFT  RIGHT 

1  4.5  5.0  4 

2  5.5  6.0  4 
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Pattern  No. 

Fault  Design 

Line  Width 

Normal  Design 
Une  Width 

3 

LEFT 

6.0 

(mils) 

RIGHT 

6.5 

(mils) 

5 

4 

7.0 

7.5 

5 

5 

9.0 

10.0 

8 

6 

11.0 

12.0 

8 

7 

12.0 

14.0 

10 

8 

15.0 

16.0 

10 

9 

5.0  &  7.0 

4.5  &  9.0 

4  &  6 

10 

6.0  &  8.0 

6.5  &  10.0 

4  ft  6 

2. 1.1. 2. 3. 6  Scratches 

Scratches  occur  in  practice  from  careless  handling.  Use  of  sharp  probes  for  continuity 
tests  and  resistor-value  measurements  is  common.  If  the  probe  slips,  it  can  gouge 
the  material.  Scratches  caused  by  probes  would  be  on  fired  (not  dried)  material. 
Scratching  of  dried  material  would  be  caused  more  typically  by  someone's  use  of  metal 
tweezers  in  handling  a  thick-film  substrate  in  the  dried  or  fired  state.  Normally,  sub¬ 
strates  are  handled  manually  by  personnel  using  finger  cots  or  plastic  tweezers,  so 

damage  by  tweezers  is  uncommon  in  a  controlled  production  environment.  Another 
possible  source  for  scratches  of  film,  either  dried  or  fired,  is  the  dragging  of  one  sub¬ 
strate  (especially  its  corner)  over  another. 

Scratches  of  conductors  on  the  demonstration  substrates  were  simulated  manually  with 
real  tools  and  even  the  comer  of  another  substrate.  To  the  extent  practicable,  these 
faults  were  "expertly"  made  by  hand  and  the  results  documented  in  a  quantitative  fashion. 
"1  imit"  faults  and  "typical"  faults  were  located  and  distributed  in  a  manner  similar  to 
that  outlined  for  opens  (para.  2. 1. 1.2.3. 1)  and  shorts 


2.1. 1.2.3. 7  Mislocated  Lines 

Once  a  design  is  confirmed,  the  only  way  lines  can  get  mislocated  is  when  they  are  printed; 
and  then  all  lines  of  the  pattern  are  mislocated  together  with  respect  to  the  substrate  re¬ 


ferenced  axis.  Demonstration  substrates  were  made  by  deliberately  misaligning  plates 
using  the  adjustable  vernier  controls  of  the  printer.  Thus  all  ten  patterns  were  displaced 
by  the  same  amount  in  the  same  amount  in  the  same  direction  as  follows  during  the  con¬ 
ductor  printing: 


Sample  No. 


Displacement  (mils) 
X  Y 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


2.1. 1.2.3.  S  Smeared  Lines 


2 

4 

6 

0 

0 

0 

1 

2 

4 

6 


0 

0 

0 

2 

4 

6 

1 

2 

4 

6 


Semaring  is  a  defect  ocurring  during  printing  when  the  inks  are  still  wet  because  of 
accidents  in  handling.  Much  like  the  case  for  scratches,  these  faults  were  introduced 
manually  on  wet  conductor  ink  to  simulate  varying  degrees  of  smears  and  the  results 
documented  quantitatively.  These  different  degrees  of  smearing  faults  were  distributed 
among  the  10  patterns  without  any  special  concern  relative  to  the  line  widths  a^id  spacings. 
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2.1. 1.2.3. 9  Combinations  of  Conductor  Faults 

Different  practical  faults  were  designed  by  layout  or  manually  produced  to  simulate 
opens  (voids),  shorts  and  whiskers,  no-print,  scratches  and  smears.  No  meaningful 
new  information  appeared  to  be  realized  by  including  combinations  of  narrow  and  wide 
conductors  and  mislocated  conductors  with  the  other  faults.  Therefore,  these  gross- 
type  faults  were  not  included  for  the  so-called  "combination"-  fault  substrates.  Combina¬ 
tion  faults  were  distributed  randomly  among  all  10  different  patterns. 

2. 1.1. 3  Substrate  Alignment  Considerations 

This  paragraph  is  included  in  the  defects  analysis  because  it  provides  a  basis  for  con¬ 
sidering  "real-world"  printing  alignment  capabilities  and  practices  in  relation  to  alignment 
allowances  of  MIL-STD-883. 

2. 1.1. 3.1  Practical  Production  Printing 

liimited  data  taken  on  RCA-AS  printed  substrates  revealed  the  following: 

a.  Maximum  deviation  of  the  average  location  of  a  given  line  in  a  production 
lot  with  respect  to  its  location  as  designed,  1  to  2  mils. 

b.  Standard  deviation  for  the  location  of  a  given  line  in  each  specific  lot 
with  respect  to  its  average  location  in  that  lot,  0.5  to  1  mil. 

2.1. 1.3.2  Specific  Requirements  in  MIL-STD-883,  Method  2017 

This  specification  gives  very  little  guidance  relative  to  thick-film  alignment. 

a.  Para.  3. 1.3.1(h)  -  Reject  "substrate  that  does  not  have  50%  of  the 

origninal  design  separation  between  operating  metalization  and  the  edge 
of  the  substrate".  AS  hybrids  usually  are  designed  to  have  a  10  mil 
separation  between  a  conductor  and  substrate  edge;  therefore, 
misalignment  of  the  conductor  up  to  5  mils  would  be  acceptable. 


b.  Para  3. 1.3. 2. 8  -  Metalization  alignment.  This  paragraph  is  applicable 
to  thin  film,  but  not  thick  film  hybrids. 


2. 1.1. 3. 3  Pratical  Alignment  Rules 

Reject  substrates  for  misalignment  of  conductor  metalization  by  more  than  50  percent 
of  the  minimum  spacing  between  conductor  layers. 

Example;  For  10  mil  line  spacing,  reject  if  metalization  is  misaligned  by  more  than 

5  mils;  for  5-mil  line  spacing,  reject  if  metalization  is  misaligned  by  more 
than  2.5  mils. 

2.1.2  Illumination  Analysis 

A  hybrid  circuit  assembly  or  "hybrid"  comprises  a  ceramic  substrate  (alumina)  on  which 
are  deposited  various  combinations  of  gold  conductors,  gold/platinum  conductive  pads, 
dielectric  layers  and  film  resistors.  The  various  elements  are  applied  in  successive 
layers  by  screening  processes  and  are  relatively  rugged  and  durable  when  fired.  The 
substrate  is  hard,  abrasive  and  durable.  Thickness  generally  ranges  from  20  to  30  mils. 
Maximum  size  of  substrates  required  to  be  accomodated  by  the  AIME  system,  without 
repositioning,  is  two  inches  by  two  inches. 

2. 1.2.1  OPTICAL  PROPERTIES 

2. 1.2. 1.1  Substrate 

The  alumina  substrate  is  white  and  translucent  with  a  substantial  amount  of  internal 
scattering.  Effective  reflectivity  is  approximately  70%  if  the  supporting  surface  is  aluminum 
and  50%  of  it  is  non- reflective.  Substrate  reflection  is  approximately  Lambertain  with  no 
evidence  of  sheen  or  other  directional  properties. 

2. 1.2. 1.2  Dielectric 

The  dielectric  layers  are  white  translucent  and  barely  distinguishable  from  the  substrate. 

The  mesh  of  the  screen  commonly  used  to  deposit  the  dielectric  is  200  per  inch,  resulting 
in  a  distinguishable  (with  magnification)  but  low  contrast  pattern.  Some  sheen  is  present 
at  grazing  illumination  angles. 
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2. 1.2. 1.3  Gold  Conductors 

The  gold  conductors  are  screened  with  a  mesh  of  325  per  inch  and  the  granularity  is 
clearly  visible.  Despite  the  graininess  of  the  surface,  a  strong  specular  component 
of  relfection  is  apparent,  even  at  near  perpendicular  illumination  and  observation  angles. 

For  perpendicular  observation  and  near  perpendicular  illumination,  the  reflectivity  exceeds 
that  of  the  substrate.  As  illumination  direction  departs  from  the  normal,  the  reflection 
from  the  gold  decreases  until,  at  45“  the  gold  reflectivity  is  substantially  less  than  that 
of  the  substrate  (See  Figure  2-6). 

Where  covered  by  dielectric,  the  gold,  although  dimmer  is  still  clearly  visible,  but 
the  dielectric  scattering  eliminates  the  directional  properties  of  the  gold  reflectivity. 

2. 1.2. 1.4  Platinum  -  Gold  Pads 

Like  the  gold,  these  conductors  are  screened  at  325  per  inch.  However,  they  show  little 
if  any  directional  reflectivity.  The  color  is  gray,  indicating  uniform  spectral  response 
in  the  visible  (and  RBV)  range. 

2. 1.2. 1.5  Resistors 

The  resistors  are  very  low  in  reflectivity  with  a  slight  sheen  which  makes  the  screening 
pattern,  a  mesh  of  200  per  inch,  visible.  Even  the  highlights  are  much  lower  in  reflec¬ 
tivity  than  any  of  the  other  materials. 

2.1.2. 1.6  Backside  Metallization 

About  50%  of  the  hybrids  are  metallized  with  gold-platinum,  over  the  entire  rear  surface, 
in  a  pattern  of  squares  and  rectangles.  Typically  the  squares  are  spaced  twenty  to  the 
inch  and  the  rectangles  are  slightly  longer  in  one  dimension.  The  blank  lines  between  the 
squares  are  about .  007  inch  in  width. 


TUNGSTEN  SOURCE  50 ' 
COLOR  TEMP.  =  2800OK 
NEAR  FOCUS  -  f20  CONE 


,1 


0l - 1 _ I - 1— 

90°  70°  50°  30° 

(NORMAL) 

ANGLE  OF  INCIDENCE 


Figure  2-6.  Hybrid  Luminance 
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With  the  substrate  back-illuminated,  there  is  considerable  blurring  of  the  pattern, 
caused  by  scattering  in  the  substrate.  The  attenuation  of  light  caused  by  the  reduction 
of  area  is  approximately  4:1.  Transmission  of  the  substrate  alone,  for  30  mil  thickness 
with  diffuse  illumination  is  36%.  Tests  have  shown  that  that  high  contrast  between  gold 
conductors  and  film  resistors,  and  that  of  the  substrate  can  be  achieved  with  back-illumin¬ 
ation  in  spite  of  the  backside  metalization. 


2. 1.2. 2  Sensor  Spectral  Response 

Figure  2-7  shows  a  representative  relative  spectral  response  for  the  Antimony  Sulfi-oxy 
Sulfide  ASOS  surface  employed  in  the  4. 5  inch  RBV  tube.  Also  shown  for  comparison  is 
the  standard  photopic  response  for  human  vision.  From  the  curves  it  can  be  seen  that 
visual  observations  of  hybrid  photometric  properties  correspond  reasonably  well  with  the 
RBV  responses. 

2.1. 2. 3.  Illuminator 

2. 1.2. 3.1  Spectral  Properties 

Figure  2-8  shows  the  approximate  spectral  properties  of  tungsten  halide  incandescent 
lamps  at  color  temperatures  of  3000‘’K  and  2350°K  respectively.  The  former  represents 
the  normal  operating  condition  for  maximum  output  and  rated  lifetime  of  50  hours,  while 
the  latter  represents  a  reduction  of  luminous  output  by  a  factor  of  ten  to  one.  This 
would  be  accomplished  by  lowering  the  lamp  voltage  to  50%  of  rated  value  (a  current  of 
70%  of  rated  value).  It  results  in  a  pronounced  red  shift  in  the  peak  response  and  a 
sharp  reduction  of  the  green-blue  regions  of  the  spectrum. 

In  addition  to  altering  the  spectral  content  of  the  lamp,  reducing  the  voltage  may  cause 
the  halogen  cycle  to  cease  functioning  thereby  permitting  evaporation  tungsten  to  be  de¬ 
posited  on  the  lamp  envelope.  For  these  reasons,  other  means  of  varying  the  illuminator 
output  have  been  explored  and  will  be  discussed  below. 
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2-8.  Illuminator  Spectral  Content 


2. 1.2. 3.2  Use  of  Iris  for  Attenuation 

To  improve  efficiency  and  eliminate  the  annoyance  of  scattered  light,  a  housing,  shown 
in  Figure  2-9,  and  a  condensing  lens  are  required.  The  lens  tube  also  provides  a  con¬ 
venient  mounting  for  an  adjustable  iris,  which,  placed  close  to  the  lens  aperture,  will 
attenuate  the  illuminator  output  without  vignetting  the  illuminated  area.  By  this  means 
attenuation  ratios  of  greater  than  100:1  can  be  obtained  without  any  change  in  the  lamp 
spectral  properties. 

The  tube  also  provides  a  mounting  for  a  "hot  mirror"  and  for  spectral  filters  if  necessary. 
The  former  can  reduce  the  heat  output  of  the  illuminator  by  at  least  60%  and  the  latter 
may  be  used  for  contrast  enhancement. 

Other  means  of  varying  the  illuminance  on  the  RBV  tube  face  are  neutral  density  filters, 
RBV  lens  iris  adjustment  (subject  to  depth  of  field  requirements),  and  exposure  time  con¬ 
trol,  if  the  snapshot  mode  is  utilized. 

2. 1.2. 3. 3  Spectral  Filtering 

As  shown  in  Figure  2-6,  there  is  a  good  contrast  between  gold  and  the  aluminum  oxide  sub¬ 
strate  for  tungsten  illumination  at  obtainable  angles  of  incidence*.  Figure  2-10  shows  the 
relative  spectral  responses  of  the  ASOS  (RBV)  photo-surface,  the  3000°K  tungsten  source 
and  the  reflectivity  of  gold.  Figure  2-11  shows  the  resulting  system  response  to  the  gold 
conductors  and  to  flat  spectrum  surfaces  such  as  the  alumina  substrate. 

2. 1.2.3. 4  Back  Illumination 

Although  back  illumination  would  increase  the  contrast,  relative  to  the  substrate,  of 
all  deposited  materials  except  the  dielectric  layer,  there  would  be  no  contrast  of  gold 
versus  the  resistors.  The  front  contrast  of  gold,  and  carbon  relative  to  the  substrate 
is  good,  but  the  adequacy  of  Signal tonoise  S/N  for  automatic  processing  is  marginal. 

At  this  time  is  appears  that  back  illumination  is  the  preferred  approach  fr)r  disposition 
inspection. 


*  Note  that  angles  above  30  degrees  are  precluded  because  of  Interference  with  the  RBV  and 
lens  assemblies.  If  a  shutter  is  used,  to  implement  the  "snapshot"  mode,  angles  above 
20  degrees  are  precluded. 


Figure  2-9.  Lamp  Housing  with  Condensing  Optics  Assembly 


Spectral  Characteristics  for  Gold  Conductors 


Relative  Responses 


2.1.2. 3.5  Reduction  of  "Graininess” 

Owing  to  the  screens  used  in  depositing  the  layers,  the  surfaces  appear  rough  under 
magnification  and  the  local  reflectivity  varies,  as  shown  in  Figure  2-6  (for  a  single 
illuminator).  Examination  shows  that  some  or  most  of  this  variation  is  caused  by 
shadowing  in  local  depressions  having  dimensions  corresponding  to  the  mesh  spacing. 

To  minimize  these  shadows  for  frontal  illumination,  two  illuminators  were  symmetrically 
located  relative  to  the  center  of  the  hybrid  mounting  surface  of  the  substrate. 

2.1. 2. 3.6  Illumination  Geometry 

The  hybrid  can  be  illuminated  by  focussed,  collimated  or  divergent  light  but  the  substrate 
size,  2  inches  by  2  inches,  would  necessitate  an  unusually  large  illuminator  aperature 
(about  3  inches  diameter)  if  collimated  light  were  to  be  used. 

Of  the  two  remaining  methods  focussing  is  the  more  efficient  in  that  the  lamp  filament 
area  is  directly  imaged  onto  the  hybrid.  To  avoid  local  variations  due  to  the  image  of 
the  filament  wires,  a  defocussing  distance  of  about  0. 5  inch  is  required. 

The  lamp  of  Figure  2-9  is  designed  for  focussed  or  imaging  illumination  in  that  the 
filament  is  closely  colled  so  as  to  produce  a  nearly  solid  source  area. 

Since  the  source  is  rectangular,  there  is  only  one  angle  of  incidence  at  which  the 
source  image  matches  the  square  substrate,  about  33*  for  the  lamp  dimensions. 

Figure  2-6  indicates  that  maximum  reflectivity  ratios  are  obtained  for  incidence  angles 
between  10  and  30  degrees,  with  luminance  decreasing  steeply  as  incidence  decreases. 


Accordingly  an  angle  of  20  degrees,  representing  the  limit  due  to  shadowing  by  the  RBV 
camera  shutter  housing,  was  chosen. 


Allowing  for  variation  of  the  illuminator  condensing  lens  focal  length  and  for  non¬ 
uniformity  in  the  edges  of  the  defocussed  beam,  a  distance  of  20  inches  from  the  condensing 
lens  to  the  center  of  the  substrate  assures  that  the  filiament  image  plane  approaches  no 
closer  than  0. 5  inch  from  any  point  on  the  substrate,  and  the  substrate  lies  within  the 
region  of  the  beam. 

With  these  dimensions,  the  illuminance  on  the  substrate  can  be  estimated  for  two  illumi¬ 
nators  of  Figure  2-9,  to  be  4800  lumens/square  foot.  Reflectivity  is  at  least  50%  so  the 
resulting  luminance  is  2400  ft.  lamberts.  The  nominal  requirement  is  114  ft.  lamberts 
with  the  RBV  lens  set  at  f8  and  operating  in  the  continuous  mode.  A  margin  of  21:1  is 
therefore  left  for  any  spectral  filtering  which  may  be  employed. 

2. 1.2.4  Conclusions 

The  illumination  requirements  for  the  demonstration  AIME  system  were  established.  The 
requirements  were  based  on  a  study  of  dlRerent  types  of  illumination  and  the  effects  on  the 
resulting  contrast  between  gold  conductor  lines  and  film  resistors,  and  the  ceramic  sub¬ 
strate.  The  positioning  of  the  illumination  source  was  established.  The  conclusion  of  the 
analysis  was  as  follows: 

(1)  A  Quartz-Halogen  (color  temperature  of  3000”K)  was  selected. 

(2)  Three  illumination  source  units  were  used  as  follows: 

•  Two  units  positioned  to  illuminate  the  conductor  or  top  side  of  the  UUT 

•  One  unit  to  illuminate  the  non-conductor  or  back  of  the  UUT 

(3)  The  angle  of  incidence  of  the  top  illuminators  is  20*. 

(4)  The  lamp  housing  provides  a  mounting  for  spectral  filters  if  necessary  to  obtain 
better  contrast. 

It  should  be  noted  that,  although  a  back  illuminator  is  being  provided,  its  usage  could  be 
constrained  by  the  fact  that  some  substrates  have  a  gold-platinum  metallization  over  the 
entire  back  surface.  The  pattern  over  the  back  is,  typically,  a  series  of  squares  or  rec¬ 
tangles.  This  pattern  along  with  the  substrate,  greatly  attenuate  the  total  transmitted  light 
as  well  as  introduce  a  "modulation"  on  the  transmitted  light. 
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Also,  based  on  a  comparison  of  the  RBV  spectral  response  and  the  standard  photopic  re¬ 
sponse  for  human  vision,  it  can  be  concluded  that  the  RBV  "sees"  what  the  human  eye  sees. 


2.1.3  Alternate  Hybrid  Inspection  Techniques 

An  investigation  into  possible  alternate  hybrid  inspection  techniques  was  undertaken.  The 
one  possible  method  suggested  is  a  lasar  differential  line  scanner  (LDLS).  This  method  is 
presently  being  used  to  inspect  transparent  objects  which  have  a  repetitive  matrix  of  patterns 
(such  as  masks  or  SOS  wafers).  A  reflective  light  system  could  be  configured,  but  several 
disadvantages  would  exist; 

LDLS  Operation; 

The  LDLS  can  test  transparent  objects  (such  as  masks  or  SOS  wafers)  which  have  a  re- 
petative  matrix  of  patterns.  The  incident  laser  beam  is  split  and  aligned  to  scan  identical 
areas  of  adjacent  patterns  on  the  glass  mask  with  a  525/60  TV  raster  of  24  mils  width. 

The  detectors  are  placed  on  the  opposite  side  of  the  mask.  The  mask  holding  fixture  is 
translated  in  X  and  Y  to  scan  the  full  mask. 

Conclusions; 

Disadvantages  of  the  presently  configured  LDLS  are  that  it  cannot  inspect  non-transparent 
object  like  hybrid  circuits.  However,  a  laser  scanner  could  be  configured  to  utilize  a  re¬ 
flected  light  detector  but  the  system  would  have  certain  disadvantages  as  follows; 

a)  Monochromatic  laser  light  could  not  be  color  filtered  to  take  advantage 
of  spectral  information  in  the  hybrid. 

b)  It  would  be  difficult  to  zoom  the  laser  scanner  as  is  done  in  the  RBV  elec¬ 
tronics.  Wise  angle  laser  deflection  for  overall  hybrid  viewing  can  be  accom¬ 
plished  with  an  acousto-optic  crystal  (horizontal)  and  galvonometer  driven 
mirror  (vertical)  in  conjunction  with  optics  to  increase  the  deflection  angle. 

But  narrow  angle  (zoom)  viewing  would  require  an  optics  focal  length  change. 

c)  Steering  the  laser  beam  to  different  parts  of  the  hybrid  would  require  accurate 
UUT  fixture  translation  instead  of  the  stationary  hybrid  fixture  used  by  the 
RBV  system  which  has  electronic  zoom  steering. 
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d)  Image  non-uniformity  (shading)  may  result  from  certain  ^es  of  mechan¬ 
ical  laser  beam  deflection  because  the  scan  velocity  is  not  constant.  The 
RBV  has  linear  (constant  velocity)  scanning  in  horizontal  and  vertical. 

2.1.4  High  Speed  Inspection  Techniques 

The  AIME  system  demonstrated  the  feasibility  of  using  the  high  resolution  RBV  to  image 
an  entire  substrate  and  produce  sub-images  for  evaluation  by  means  of  electronic  zoom  and 
steering.  Continuous  525  TVL  readout  with  steady  state  exposure  was  used  since  a  standard 
rate  display,  time  base  corrector  and  video  recorder  could  be  used  for  demonstration.  High 
speed  operation  for  complete  substrate  evaluation  at  rates  of  750  substrates/hour,  howewr, 
cannot  be  achieved  with  this  mode. 

The  750  substrate/hour  requirement  can  be  achieved  by  operating  the  RBV  camera  in  a 
"Snap  Shot"  mode.  The  timing  diagram  in  Figure  2-12  illustrates  the  timing  sequence 
using  a  controlled  shutter  exposure  followed  by  sequential  readout  of  33  discrete  image 
areas  selected  from  the  stored  image  on  the  RBV  target.  After  readout  of  the  entire 
substrate  image  in  1. 1  sec. ,  the  target  is  then  prepared  by  an  erase  and  prime  cycle 
for  the  next  exposure  while  a  second  hybrid  UUT  is  positioned  prior  to  exposure.  The 
entire  cycle  is  completed  in  4. 8  sec.  and  is  compatible  with  the  data  handling  rate  of  the 
computer  for  image  analysis. 

2.1.5 

2.1. 5.1  Background 

Due  to  normal  production  tolerance  of  hybrid  circuit  assemblies,  some  misregistration 
between  the  reference  image  and  the  UUT  image  would  occur  even  if  no  errors  were  intro¬ 
duced  by  the  system. 

Each  screen  used  in  depositing  circuit  elements  such  as  conductors,  resistors,  pads  and 
insulators,  is  aligned  by  reference  to  two  edges  of  the  substrate.  Worst  case  displacement 
of  any  screen  relative  to  any  other  is  2  mils.  Error  due  to  placement  of  the  substrate  in  the 
UUT  holder  is  negligible  compared  to  the  screen  registration  errors. 


AIME  Misregistration  Error  Buc 


PRCKESSING  RATE:  750/HR 


In  addition  to  the  systematic  errors  above,  the  edges  of  the  deposited  materials,  viewed 
under  magnification,  are  ragged  to  the  extent  of  about  1  mil  maximum  span. 

The  minimum  width  of  the  conductors  is  5  mils,  with  10  mils  much  more  common.  In 
either  case,  allowable  errors  (i.e.  errors  which  should  not  cause  a  UUT  to  be  rejected) 
between  the  referenced  image  and  the  UUT  image  must  be  masked  out.  This  will  be  done 
in  the  computer  analysis  by  excluding  all  data  in  strips  along  the  edges  of  the  circuit 
elements  as  shown  in  Figure  2-13. 

If  these  strips  were  widened  to  allow  an  additional  guard  band  of  two  or  more  lines  (or 
pixels)  then  a  substantial  misregistration  could  be  allowed  without  generating  false  errors 
by  causing  the  element  image  edges  to  move  out  from  under  the  computer  mask.  From  the 
numbers  given  above,  however,  and  assuming  that  a  reference  image  is  generated  from 
an  unusually  accurate  substrate,  the  mask  strips  would  need  to  be  5  mils  wide  to  exclude 
any  chance  of  false  rejection  of  a  UUT.  A  mask  of  these  dimensions  would  obliterate  all 
5  mil  conductors  and  leave  only  5  mils  of  a  ten  mil  wide  conductor.  In  the  former  case  all 
ligitimate  defects  would  be  masked,  while  in  the  latter  all  fatal  defects  would  be  detected 
together  with  some  non-fatal  ones  such  as  voids  which  do  not  extend  very  far  under  the  mask. 

It  is  reasonable  to  assume  that,  if  5  mil  conductors  are  used,  placement  and  width  will  be 
more  accurate  than  toe  tolerances  given  above.  Furthermore  the  edge  raggedness  will  be 
reduced  by  the  use  of  finer  screen  mesh,  probably  halving  toe  tolerances  given  above. 

2. 1.5.2  Criterion 

To  avoid  degrading  the  fault  detection  situation  described  above,  while  allowing  an  achievable 
level  of  system  errors,  an  achievable  level  of  system  errors,  an  additional  allotment  of 
±1.0  mil  placement  error  is  required  to  accomodate  system  errors. 

2. 1.5.3  System  Error  Budget 

Table  2-2  lists  the  system  contributors  to  registration  errors,  many  of  which  are  minimized 
by  the  system  design. 
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Figure  2-13.  Geometry  of  Circuit  Element  Tolerances  and 
Edge  Mask 
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Hybrid  Circuit  Production  Tolerances 

Magnetic  Field  Effects  on  Camera  Deflection 

Mechanical  and  Thermal  Displacement  of  UUT,  Lens 
and  Camera  Image  Plane 

Raster  Offset  Circuit  Variations 

Camera  Accelerating  Voltage  Variations 

Camera  Sweep  Circuit  Variations 

Recorder/TBC  Residual  Jitter 

Camera  Chain/Recorder  Chain  Differential  Delays 

Sync  Generator  Temporal  Errors 

Connecting  Cable  Differential  Delays 


Table  2-2.  Registration  Error  Source 


2.1. 5.3.1  Magnetic  Fields 

Magnetic  field  effects  are  reduced  to  tolerable  levels  by  shielding  and  cable  routing.  Earth 
field  effects  are  cancelled  by  recording  a  new  reference  image  if  a  change  of  location  of 
the  camera  has  been  made. 

2.1. 5.3.2  Mechanical  Thermal  Displacements 

Mechanical  displacements  of  parts  are  minimized  by  rigid  mechanical  construction,  isola¬ 
tion  of  the  camera  from  floor  vibrations  by  means  of  an  air  suspended  table,  and  decoupling 
of  air  conditioner  vibrations.  For  thermal  deplacement,  provision  is  made  for  translational 
and  anglular  adjustments  appropriate  to  setup  at  the  beginning  of  a  test  run.  Final  design 
for  a  production  test  system  would  include  use  of  similar  metals  and  thermal  compensation, 
if  necessary,  in  the  structure  connectii^  UUT  holder,  lens  and  camera.  A  residual  shift 
of  d;0. 25  mil  on  each  axis  for  ±  lO^C  temperature  change  is  allowed  for  this  error  source. 
Techniques  for  thermal  compensation  of  precision  alighment  structures  were  developed  on 
the  LOSS  program. 

2.1. 5.3.3  Raster  Offsetting  Circuit  Variations 

In  the  10:1,  maximum  resolution,  zoom  mode,  the  offsetting  circuits  are  required  to  posi¬ 
tion  the  camera  raster  center  to  a  precision  of  well  under  one  pixel  where 
the  pixel  dimensions  are  defined  by  the  scan  line  to  scan  line  dimensions  of  0. 42  mils  on  the 
vertical  axis  and  by  horizontal  resolution  limits,  nominally  the  same,  on  the  horizontal 
axis.  To  accomplish  this,  it  is  desirable  that  die  chain  comprising  the  analog  to  digital 
converter,  the  deflection  drive  amplifiers,  die  camera  deflection  coils  and  the  beam 
accelerating  voltage  maintain  precision  over  a  temperature  range  of±  2”C  for  a  period  of 
at  least  1/2  hour  for  the  feasibility  model  and  ±  lO’C  for  an  8  hour  test  run  for  a  production 
model. 

The  selected  DACON  is  represented  by  the  vendor  as  capable  of  2. 5  ppm/”C  or  less  and 
repeatability  of  ±  30  ppm  of  full  scale  range  ( the.  purchased  12  bit  unit  is  stated  to  have 
the  same  repeatability  as  the  16  bit,  more  expensive,  unit).  The  repeatability  error  will 
be  eliminated  along  with  mechanical  positioning  errors  discussed  above  by  setup  at  the 
beginning  of  a  test  run,  leaving  ±  2. 5ppm  variation  of  full  scale  range  due  to  temperature 
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changes.  Camera  deflection  sensitivity  in  the  vicinity  of  sharp  contrast  changes  is  aggra¬ 
vated  by  beam  bending  or  pulling  and  has  been  measured  at  1/3  TV  line  or  0. 14  mil  for 
•6 

150  X  10  of  full  scale  deflection  signal.  The  resulting  center  position  variation  for 
raster  locations  in  the  corners  of  the  2"  x  2"  format  is: 

-6  -14 

2"x(+25xl0  )*  150x10“®  ==*=.05  mil 

on  each  axis.  An  additional  equal  allowance  is  provided  for  the  operation  amplifiers  which 
accept  current  feedback  from  the  deflection  coils.  Current  picked  and  summing  resistors 
(3  total)  at  5  ppm/^C  tracking  error  account  for  .  15  mil  in  the  feasibility  model  so  even  better 
temperature  coefficient  tracking,  or  temperature  control,  will  be  required  for  production 
model.  The  total  budget  for  the  centering  (or  steering)  circuits  is  then  ^  .  25  mil  for  a 
production  system. 

2.1. 5. 3.4  Camera  Accelerating  Voltage  Variations 

Addition  deflection  errors  are  introduced  by  variation  of  the  beam  accelerating  voltage. 

They  are  proportional  to  the  product  of  fractional  change  of  voltage  and  the  displacement 
(offsetting)  of  the  raster.  This  voltage  has  been  observed  in  the  laboratory  environment  to 
vary  by  0.01%  or  less  over  a  1/2  hour  period.  The  resulting  deflection  error  for  raster 
positions  in  the  corners  of  the  2  x  2"  format  are  :i;  0. 2  mils.  To  maintain  this  repeatability 
in  a  production  model  will  require  improved  regulation  and  possibly  temperature  control 
of  the  voltage  reference. 

2.1. 5.3.5  Camera  Sweep  Circuit  Variations 

Because  the  sweep  deflections  are  only  one  ninth  the  maximum  displacement  of  the  raster 
.  1  inch  vs.  ±  0. 9  inch)  the  errors  in  repeatability  of  the  sweep  can  be  considerably  larger. 
A  value  of  ±  0. 1%  would  yield  (reasonable)  errors  of  ±  0. 2  mils. 

2.1. 5.3.6  Recorder/Time  Base  Corrector  (TBQ/Sync  Generator  Residual  Jitter 

The  residual  TBC  jitter  of  ±  2ns  or  less  produces  position  errors  which  are  negligible 
relative  to  other  sources.  Synch  generator  jitter  of  ±  4n8  is  also  n^ligiUe. 


2. 1.5. 3. 7  Camera/Chain  Recorder  Chain  Differential  Delays 

Fixed  delay  differences  are  compensated,  if  necessary,  by  offsetting  the  TBC  output. 
Frequency  variable  delays  are  compensated  in  the  video  amplifier  chain. 


2.1. 5.3.8  Interconnecting  Cable  Differential  Delays 

Cable  length  is  matched,  as  appropriate,  to  reduce  these  errors  to  negligible  size. 

2. 1.5.4  Error  Budget  Summary 

Table  2-3  summarizes  the  registration  error  budget.  Cumulative  values  are  obtained 
by  adding  rather  than  root  sum  squaring  the  various  errors  because  the  probability  of 

exceeding  the  allowance  even  at  one  point  is  required  to  be  quite  low  (5%  or  less  is  reason¬ 
able)  over  an  entire  substrate. 

2.2  HYBRID  SAMPLES 

The  hybrid  sample  substrate  provided  for  test  and  evaluation  on  the  AIME  demonstration 
system  contains  10  patterns  each  as  shown  in  Figure  2-14.  There  are  2  patterns  each 
of  4,  6,  8,  and  10  mils  line  width  and  2  patterns  which  contain  a  mixture  of  2,  4,  6,  8, 
and  10  mils  line  width.  Appendix  A  contains  the  12  sample  substrates  containing  defects 
which  were  used  for  data  gathering  and  evaluation. 

2.3  FINAL  SOFTWARE  DESIGN 

The  final  software  design  was  completed  and  validated  by  mid  December,  1978.  The  AIME 
system  software  consists  of  the  Data  General  Real- Time- Disc-Operating  system  (RDOS), 
the  Command  Line- Interpreter  (CLI),  the  AIME  Run-Time  ^stem,  and  various  utility  pro¬ 
grams. 


Feasibility 

Model 


Production 

Model 


Operating 

Conditions 

Temperature 

Duration  of  run 

Laboratory  (±2*C) 

0. 5  hour 

±io-c 

8  hour 

Error  Source  (Mils) 

Mechanical  Displacement 

±0.3 

±0.25 

Raster  Offset  Circuit 

±0.25 

±0.25 

Camera  Accelerating 

Voltage 

±0.2 

±0.2 

Camera  Sweep  Circuits 

±0.2 

±0.2 

Total  (Worst  Case) 

±.95  mil 

±0.9  mil 

Production  Tolerances 

10  mil  conductors 

±2.5  mil 

±2.5  mil 

5  mil  conductors 
(estimate) 

±1.5  mil 

1 

±1.5  mil 

Table  2-3.  Summary  of  Itystem  Registration  Errors 
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Real-Time-Disc-Operating  System  (RDOS)  and  CLI 

ROOS  is  a  comprehensive  and  flexible  operating  system  normally  used  witti  disc-based 
NOVA  systems. 

The  command  Line -Interpreter  (CLI)  is  a  dynamic  interface  to  ROOS  via  the  console 
and  translates  the  input  as  commands  to  the  operating  system. 

Run-Time  System 
General 

The  AIME  Run-Time  System  (ARTS)  performs  the  functions  of  program  generation,  and 
test  execution.  It  is  written  in  a  high  level  language  (ALGOL)  utilizing  structured  program¬ 
ming  techniques  to  obtain  modularization  for  ease  of  maintenance  and  understanding. 
Assembly  language  modules  are  minimized  and  used  only  where  necessary  for  speed  or 
special-purpose  programming  such  as  required  in  image  processing. 

Program  generation  an  be  accomplished  either  on-line  or  off-line.  On-line  program  gener¬ 
ation  allows  the  user  to  try  various  setups  for  X-Y  positions,  zoom,  illumination,  etc.  When 
a  specific  test  setup  is  decided  upon,  the  system  software  will  remember,  on  operator 
command,  the  exact  setup  and  will  place  the  test  setup  in  sequence  with  respect  to  other 
tests  contained  in  a  source  file  listing. 

Test  Program  Generation 

The  test  program  generation  is  used  to  create  automatic  and  semi-automatic  test  programs 
for  substates  and  pre-cap  hybrids  respectively.  The  operator  can  activate  and  control  the 
system  from  the  keyboard.  Sectors  have  been  designated  for  the  user  in  positioning  the  sub¬ 
images  on  the  monitor.  The  higher  the  zoom. ratio,  the  greater  the  number  of  sectors. 

Sectors  are  square  in  shape  and  are  numbered  from  left  to  right  and  from  the  top  down. 

When  a  suitable  image  is  seen  on  the  monitor  the  operator  initiates  the  following  system 
actions:  (1)  Interrogation  of  all  ^stem  status  registers,  and  storage  of  the  current  setup 


2-41 


1 


data  for  the  image,  (2)  the  generation  of  a  set  of  commands  and  related  setup  data,  which 
when  executed  at  a  later  date  will  result  in  the  exact  same  setup  conditions,  (3)  indexing 
and  storage  of  the  image  on  the  video  disc-recorder,  (4)  the  generation  of  a  MASK  of  the 
current  image  for  the  automatic  test  program. 

Mask  Generation 

The  mask  generator  (software  module  MASKGEN)  is  used  to  generate  a  mask  for  each  re¬ 
ference  image  operating  in  the  automatic  mode.  Where  an  etch  boundary  exists,  the  mask 
consists  of  a  block  of  '0’s  with  'I's  elswhere.  The  width  of  the  block  of  '0's  is  of  sufficient 
magnitude  to  mask  out  offset  and  registration  errors.  The  resultant  mask  is  read  into  the 
computer  memory  and  "AND"ed  with  the  difference  video  data.  The  resultant  data  are  then 
ready  for  the  image  processing. 

Image  Processing 

The  image  processing  algorithm  analyzes  the  masked  video  difference  data  to  render  a  pass/ 
fail  decision  on  a  substrate.  In  order  to  achieve  the  processing  rate  of  750  substates/hour, 
the  following  detection  scheme  has  been  developed.  The  masked  difference  data  is  stored 
in  the  computer  as  'I's  and  '0's,  where  a  1  represents  the  presence  of  difference  video  and 
a  0  represents  the  lack  of  difference  video.  The  difference  data  is  divided  into  16-bit  blocks 
for  image  processing.  The  image  is  thus  divided  into  (30)  rows  and  twenty  six  (26)  columns 
which  results  in  a  matrix  of  780  clusters  of  data.  If  a  cluster  is  composed  entirely  of  'I's, 
this  indicates  that  this  entire  area  is  composed  of  difference  video,  and  therefore  represents 
a  defect.  The  computer  processes  all  780  clusters,  and  determines  which  cluster  contains 
the  highest  percentage  of  'I's.  This  cluster  is  then  recorded  on  the  line  printer  as  the 
defect  location.  It  is  recorded  in  terms  of  a  row  between  0  and  29  and  column  between  0 
and  25,  thus  the  location  can  be  verified  by  observation  on  the  monitor.  Prior  to  the  start 
of  a  test  the  operator  enters  the  percentage  of  'I's  which  is  to  be  considered  a  defect.  This, 
in  effect,  provides  the  accuracy  of  measurement  for  die  system  and  allows  minor  errors 
due  to  misregistration  to  be  disregarded. 
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2.4  FINAL  HARDWARE  DESIGN 

The  final  hardware  design  was  integrated  and  validated  during  the  third  quarterly  report¬ 
ing  period.  The  major  coni|»onents  of  the  AIME  demonstration  system  are: 

(1)  Control/Display  Station 

•  Computer  and  Peripherals 

•  Video  Processor  and  I/O  Control 

•  RBV  Electronics,  Power  Supply 

•  Sync  Generator 

•  Time-Base  Corrector 

•  Video- Disc  Recorder/Beproducer 

•  Video  Monitor 

•  Illumination  Power  Supplies 

(2)  Inspection  Station 

•  RBV  Camera  Head  with  Lens 

•  Rliuninators  (Lamps) 

•  UUT  Holding  Fixture 

e  Optical  Table  with  the  Structure/Shroud  Assembly 

•  Air  Conditioner  Unit 

However,  since  that  time  the  integration  of  the  software  and  initial  attempts  to  test  substrates 
resulted  in  the  discovery  of  minor  logic  defects  in  the  hardware  design.  The  logic  defects 
which  consists  of  an  intermittent  short  and  defective  integrated  circuit  on  the  computer 
were  corrected,  and  software  integration  and  validation  was  continued  and  completed. 

2.5  ACCEPTANCE  TEST 

The  AIME  acceptance  test,  conducted  on  21  December  1978,  demonstrated  the  AIME  system 
in  manual,  semi-automatic  and  automatic  modes  of  operation.  Automatic  testing  of  hybrid 
test  sample  substrates  and  semi-automatic  testing  of  precapped  lybrids  were  demonstrated. 

Hybrid  pre-cap  inspection  is  performed  in  a  semi-automatic  mode  with  the  operator  visually 
observing  the  monitor  and  making  the  pass/fail  decisions.  For  this  mode  the  computer  goes 
through  the  predetermined  inspection  steps  in  sequence,  presenting,  on  the  monitor,  a  view 
for  the  operator  so  that  he  can  inspect  the  l^brid.  The  operator  evaluates  each  view  and 
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presses  a  pass  or  fail  key  on  the  keyboard.  Hiis  step-by-step  process  ensures  an  orderly 
and  thorough  inspection  of  the  hybrid  without  the  use  of  a  microscope. 

2.6  DATA  GATHERING  AND  EVALUATION 

The  data  gathering  and  evaluation  task  was  performed  on  the  AIME  system  during  the 
period  of  24  March  1980  through  4  April  1980.  For  this  task,  twelve  (12)  substrates  con¬ 
taining  faults  typical  to  those  found  in  the  manufacturing  process  were  tested  against  a 
"Master"  substrate.  The  substrate  which  was  chosen  as  the  evaluation  model  is  shown 
in  Figure  2-14.  The  line  widths  represented  are  4,  6,  8  and  10  mils.  Faults  contained 
on  the  twelve  (12)  defective  substrates  include  breaks  in  the  printed  path,  exessive  ink 
along  a  printed  path,  necking  down  or  narrowing  of  the  printed  path  and  shorts  between 
two  printed  paths.  Appendix  A  contains  a  pictorial  view  of  each  of  the  twelve  substrates 
evaluated.  Also  shown  are  the  defects  contained  on  each  of  the  substrates. 

For  this  evaluation,  AIME  was  programmed  to  test  the  substrates  in  the  zoom  10  mode  of 
image  magnification.  In  this  mode  of  magnification  the  substrate  is  recorded  or  examined 
in  49  separate  sectors.  In  addition,  each  sector  is  electronically  subdivided  into  a  26  x  30 
matrix  of  subsectors.  Should  a  defect  be  detected,  the  row  and  column  of  the  substrate 
containing  the  defect  is  printed  on  the  AIME  printer.  In  the  event  of  multiple  defects 
within  a  sector,  the  largest  defect  is  reported.  The  data  gathering  and  evaluation  was 
performed  in  the  following  manner: 

(1)  At  the  start  of  testing  each  of  the  substrates  was  individually  inspected  the  test 
operator  using  AIME  in  the  manual  mode  of  operation.  The  defects  detected  by  test 
operator  were  then  recorded  on  a  printed  enlargement  of  the  substrate  layout. 

(2)  A  defect  free  "Master"  substrate  was  then  recorded  by  AIME  in  the  automatic 
mode  and  a  "go-chain"  test  was  made  in  which  the  recorded  substrate  image  was 
compared  with  the  actual  "Master"  substrate.  This  test  verified  the  proper 
operation  of  AIME. 


(3)  Each  defective  substrate  was  then  evaluated  by  AIME.  AIME  was  programmed  to 
operate  in  the  automatic  mode  with  the  verification  flag  set  so  that  the  test  operator 
could  confirm  the  defect  detected  AIME.  Mechanical  realignment  of  the  substrate 
was  performed  during  the  test  as  required  by  the  test  operator  to  minimize  misalign¬ 
ment  between  the  substrate  and  the  "Master”  recorded  image.  The  defects  detected 
by  AIME  were  automatically  printed  on  the  AIME  printer  and  were  also  manually  re¬ 
corded  by  the  test  operator  on  data  sheets. 

(4)  Each  defect  on  a  substrate  was  classified  as  to  size.  Three  size  classifications  were 
used:  0-3  mils  (small),  3-6  mils  (medium),  and  greater  than  6  mils.  The  defect 
size  was  noted  on  the  data  sheets.  In  this  manner  it  was  possible  to  subjectively  judge 
the  ability  of  AIME  to  detect  different  sized  defects. 

(5)  Precap  inspection  of  hybrid  assemblies  utilizing  the  display  was  useful  in  verifying  the 
location  and  bonding  of  chips  and  placement  of  wire  bonds.  However,  the  integrity  of 
the  wire  bonding  and  wire  crossover  cannot  be  fully  evaluated  without  a  stereoscopic 
view  to  provide  depth  perception. 

2.7  AIME  PRODUCTION  CAPABILITY  DEMONSTRATION 

On  12  June  1980  a  Production  Capability  Demonstration  was  conducted  at  RCA-Automated 
Systems.  The  twenfy-three  (23)  invited  representative  from  Government  agencies/in¬ 
dustry  in  attendance  were  briefed  on  the  AIME  program,  system  requirements,  details 
: '  the  system  hardware/software  and  its  operation,  analysis  of  test  results,  and  a  demon¬ 
stration  of  the  AIME  system  capabilities.  The  overall  technical  accomplishments  of  the 
program  was  universally  recognized  and  specific  group  interest  surfaced  regarding  poten¬ 
tial  continuation  of  development/evaluation  addressing  visual  inspection  of  multi-layer 
thick -film  substrates  and  thin-film  substrates. 

The  list  of  attendees  is  provided  in  Appendix  C.  In  addition,  the  attendees  were  requested 
to  respond  to  a  survey  questionaire  profiling  their  micro-electronic  production/inspection 
process.  The  results  of  this  survey  is  provided  in  Appendix  D. 
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SECTION  3 
CONCLUSIONS 

3.1  RESULTS  OF  DATA  GATHERING 

The  results  of  data  gathering  and  evaluation  indicate  that  the  AIME  demonstration  system 
can  successfully  detect  substrate  defects  of  varying  sizes.  Overall  AIME  detected  96.4 
percent  of  all  substrate  defects.  When  the  defects  were  classified  by  size,  AIME  detected 
100  percent  of  defects  three  mils  or  larger  and  81  percent  of  defects  less  than  three  mils. 
Table  3-1  gives  a  summary  of  the  data  taken  during  data  gathering  and  evaluation. 

Appendix  B  contains  the  data  sheets  showing  the  type  and  quantity  of  defects  found  on  each 
of  the  twelve  substrates  that  were  evaluated. 

3.2  HIGH  SPEED  INSPECTION  TECHNIQUES 

As  a  result  of  the  analysis  performed  to  determine  the  high  speed  inspection  capability 
of  the  AIME  demonstration  system,  it  can  be  concluded  that  inspection  rates  of  up  to 
750  substrates  per  hour  may  be  tested. 
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3.3  ADDITIONAL  DEVELOPMENT  REQUIREMENTS 


3.3.1  Selection  of  Another  Camera  to  Replace  the  RBV  Camera 

The  RBV  camera  presently  used  on  the  AIM£  Demonstration  Sjjrstem  is  over  twelve  years 
old  and  is  no  longer  produced.  Future  development  requires  the  selection  of  a  suitable  re¬ 
placement  to  RBV  camera.  The  camera  chosen  for  AIME  imist  be  capable  of  high  resolution 
over  the  entire  substrate  image  area,  and  one  providing  a  readout  at  a  continuous  rate 
with  a  steady-state  (q>tical  exposure  or  in  near-real  time  storage  and  readout  with  a  discrete 
input  consisting  of  a  abutted  exposure.  It  is  also  required  that  electronic  zoom  be  employed 
witiiout  raster  bum  to  preserve  high  resolution  while  retaining  compatability  with  standard 
rate  devices  and  displays. 

In  conjunction  with  alternate  tube  investigation,  it  is  recommended  that  attention  be  given  to 
the  pre-cap  inspection  requirement.  Alternate  metiiods  of  zoom  ratios,  raster  scan  rates 
and  special  high-resolution  displays  should  be  considered  to  provide  a  high-resolution  and 
more  practical  pre-cap  inspection  capability,  including  a  steroscopic  view  capability  for 
adequate  depth  perception.  In  addition  further  development  may  warrant  separation  of  the 
system  into  2  independent  units,  one  with  automatic  line  inspection  capability  and  one  for 
pre-cap  inspection.  This  will  simplify  the  design  of  each  unit  and  make  each  one  more 
economically  attractive. 

3.3.2  Correction  of  Time  Base  Corrector  Unit  Deficiencies 

The  time  Base  Corrector  <TBC)  unit  in  the  AIME  Demonstration  ^stem  aligns  die  playback 
video  form  the  video  recorder  with  the  camera  video  to  within  10  nano-seconds.  However, 
the  TBC  unit  currently  in  use  exhibits  an  inherent  instability  in  the  clock  signal  which  is  to 
provide  horizontal  lockup  on  each  frame  of  the  video  signal.  The  instability  is  a  cause  for 
the  identification  of  false  defects  during  substrate  testing.  Correction  of  this  problem  re¬ 
quires  either  partial  redesign  of  the  TBC  currently  in  use  or  in  the  selection  of  a  new  unit. 

An  investigation  is  also  recommended  to  determine  the  feasibility  and  cost  effectiveness  of 
replacing  the  video  recorder  and  TBC  with  alternate  solid  state  storage  devices. 


3.3.3  Investigate  and  Modify  AIME  Hardware/Software  to  Accommodate  Registration 
Variations  Which  Occurs  During  ^bstrate  Printing 

During  the  printing  process,  small  variations  occur  in  the  line  registration  from 
substrate  to  substrate.  These  registration  variations  are  inherent  in  the  printing 
process  and  do  not  degrade  the  quality  of  the  substrate  when  the  substrates  are 
detected  on  the  AIME  Demonstration  System,  the  registration  variations  are  detected 
and  the  substrate  is  erroneously  declared  defective.  During  the  data  gathering  and 
evaluation  task,  registration  variations  were  minimized  through  the  manual  realignment 
of  the  substrate.  To  enable  AIME  to  test  substrates  at  rates  up  to  750  substrates/ 
hour,  automatic  realignment  of  the  substrate  is  required.  Investigation  is  required 
to  determine  the  best  method  of  correction  either  through  hardware  and/or  software 
modification. 

3.3.4  Multilayer  Structures 


The  evaluation  of  substrate  defects  was  confined  to  single  layer  films.  Multilayer 
structures  require  further  investigation  to  determine  effects  of  layer  interferences. 
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PICTORIAL  VIEW  OF  EACH  SUBSTRATE  EVALUATED 
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SUBSTRATE  TEST  SAMPLE  #  6A2 


AIME 


1 

I 


SUBSTRATE  EVALUATIOM  TEST  DATA 

SUBSTRATE  TEST  SAMPLE  #  7A1 


■»  m 

v*  m 

2S 

IS,  IL 

L 

16-7 

26 

1M 

M 

28-7 

27 

IS,  IM 

M 

17-5 

28 

IS 

0 

29 

2M 

N 

13-0 

30 

IS 

S 

11-12 

31 

IL 

L 

18-7 

36 

2S 

S 

0-3 

37 

0 

38 

0 

39 

IS 

s 

21-0 

40 

IM 

M 

0-3 

41 

IS,  IM 

M 

22-5 

42 

IL 

L 

21-4 

•> 

A  7 

48 

49 

50 

51 

52 

53 

2S 

IM 

IL 

IS 

S 

0 

0 

M 

L 

S 

0 

2-2 

4-10 

18-7 

18-3 

•r  m 

(  0 
:)o 

59 

60 

61 

52 

63 

64 

4S 

IS 

IM 

IM 

IS,  IL 

-  • 

S 

0 

S 

M 

M 

0 

L 

26-11 

2-14 

18-24 

13-4 

14-14 

1 

69 

70 

71 

72 

73 

74 

75 

d.m 

IS 

1M,  IL 

2M 

IM 

IM 

2M 

S 

L 

M 

M 

M 

0 

M 

0-12 

10-23 

19-15 

17-17 

14-7 

11-17 

-  - 

81 

82 

83 

84 

85 

86 

m  m 

1M 

IL 

IM 

2M 

2L 

0 

M 

L 

M 

M 

0 

L 

«  W 

11-18 

28-6 

14-21 

1-13 

3-12 

•1 

92 

93 

94 

95 

96 

97 

2S 

IL 

IS 

IL 

S 

L 

0 

S 

0 

0 

L 

«  m 

17-7 

15-5 

1-n 

21-5 

*  DETECT  SIZES 
CODED  AS  fOLLOWS 

S  =0-3  MILS 
M  =  3-6  MILS 
L  «  >6  MILS 


P:  LOCATION 

>' '..’•COl  'Ml 


>1  -n-Hiinrunii-. 


•• 


AIME 

SUUSTRMF.  EVALUATlOtl  TEST  DATA 

SUBSTRATE  TEST  SAMPLE  #  8A1 


I 

I 

X 

I. 

1 

I 

I 


2'j 

26 

27 

28 

29 

30 

31 

IM 

IM 

IM 

IL 

IM 

IL 

M 

0 

M 

M 

L 

M 

L 

22-13 

5-25 

19-0 

28-11 

8-12 

19-0 

30 

37 

38 

39 

40 

41 

42 

IM 

IS 

IS 

IM 

IM,  IL 

H 

0 

0 

S 

M 

L 

0 

26-3 

19-1 

27-5 

7-0 

47 

48 

49 

50 

51 

52 

53 

IL 

IS 

IL 

2M 

IL 

L 

S 

0 

L 

0 

M 

L 

15-12 

17-22 

8-9 

18-2 

11-5 

58 

59 

60 

61 

52 

63 

64 

IM 

2L 

IS 

IM 

2L 

IM 

M 

L 

S 

0 

M 

L 

M 

0-22 

26-15 

26-19 

11-2 

28-9 

19-6 

69 

70 

71 

72 

73 

74 

75 

IM 

IM 

IL 

IL 

IL 

IS,  IL 

M 

0 

M 

L 

L 

L 

L 

29-9 

20-17 

20-3 

17-5 

0-9 

10-23 

80 

81 

82 

83 

84 

85 

86 

IM 

3L 

IL 

IL 

M 

0 

0 

L 

L 

0 

L 

0-25 

19-3 

25-4 

9-5 

91 

92 

93 

94 

95 

96 

97 

IS,  IL 

IS,  IL 

2L 

L 

0 

0 

L 

0 

0 

L 

9-0 

10-21 

7-14 

♦  DEFECT  SIZES 
CODED  AS  FOLLOWS 

S  =  0-3  MILS 
M  »  3-6  MILS 
L  »  >6  MILS 


SECTOR  DO.. 

total  defects^ 

OLLLCT  FOUND* — 

DEFLCT  LOCATION 
kO'.l-COLUMN 


- - -  .a 

25 

3L,1S 

- - 

L 

— - - — 9 

14-2 

i 


AIME 


I 

^  SUBSTRATE  EVALUATION  TEST  DATA 

•to 

SUBSTRATE  TEST  SAMPLE  #  8A2 


•to 


APPENDIX  C 

f  CAPABILITY  DEMONSTRATION 
ATTENDANCE  UST 


AIME  CAPABILITY  DEMONSTRATION 
12  JUNE  1980 
AHENDEES 


Steve  Reiss 
ITT  Avionics 
Nutley,  NJ 

James  R.  DiNitto 
Raytheon 
Bedford^  MA 

)r.  Rudolf  E.  Thun 

RAYTHEON 

Bedford^  MA 
Robert  Rego 

^VTHEON 

Bedford^  MA 


SOM  Wein 

AYTHEON  ... 

EDFORD^  MA 

Ted  Cocca 
Raytheon  ... 

Bedford^  MA 

tL  Ertel 

ITTON 

OODLAND  HilLS^  CA 
Jon  Scott, 

toCKWELL^lNTERNATI ONAL 

Dallas^  TX 

toNALD  VlSSER  . 
jYBRiD  Systems  Inc, 
Bedford^ 


ANK  Di Pietro 
Jybrid  Systems  Inc, 
Bedford^  MA 

;ARY  Flanagan 
3ENERAL.  Electric 
Otic A,  NY 

Ron  Fess^ 

General.  Electric 

Otica.  NY 


Carl  Longley 
General..£lectric 
Utica,  NY 


Richard  Eoerster 
General  Electric 
Plainville,  CT 

Frank  Cher iff 
Raytheon 
Sudbury,  MA 

Raymond  LaBrie 
Raytheon 
Sudbury,  MA 

Joseph  Key 

US  Army  Elect,  Tech.  &  Devices  Lab. 
Ft,  Monmouth,  NJ 

.  H.  Pratt 

SA  Electron  I  c.s  R&D  Command 
T.  Monmouth,  NJ 

IlCHAEL  HuTFLESS 
Irush  Wellman 

ILMORE 


[)oN  Vincent 

VESTINGHOUSE 

jaltimore,  MD 


LBERT  Lee 
Iarry  Diamond  Labs 
Adelphi, 


EN 


NJ 


Ft.  Monmouth, 


SiMIONE 

ICROWAVE  ^Ass^CIATES 


Burlington, 


jOGER  StURTEVANT 

licRowAVE  Associates 
Burlington,  MA 


APPENDIX  D 

AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONNAIRE  RESPONSE 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


SUMMARY 


(1)  Potential  Application 

im. 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


Quantity  Produced/Year 
iCiOK  -  m:  lOK/lOOK  ~  57%:  100K/1M  -  29% 

20K/100K  -  42 t _ 

<100K  -  14%  _ _  _ 


(2a)  Identify  the  Characteristics  of  Your  Application 


Thick  Film 

Thin  Film 

Hybri d 

Hybri d 

Monolithic 

High  Volume,  Few  Types 

37% 

High  Volume,  Many  Types 

25% 

50% 

Low  Volume,  Large  No. of  Types 

63% 

75% 

50% 

Other  (Please  Explain) 

(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Quality  Printed/Printing  Rate) 

Mil/Hi-Rel;  100-200/hr. /print;  500-lK/lot;  5-lOK/month _ 

Commercial ;  350/hr/pr1nt;  5K/lot;  20K/month _ 


(3)  Size  of  Substrates  (Minimum  and  Maximum  in  Mils) 

Minimum _ 50Q _ ^ _ 1000 _ 

Maximum _ 5000 _ ^  . _ 5000 _ 

(4a)  What  Are  The  Number  of  Circuit  Types/Week  Do  You  Visually  Inspect? 
<•10  -  29%;  10/20  -  57%;  >20  -  14% _ 


1 


Automatic  Visual  Inspection  System 
Market  Survey  Questlonaire  (Cont.) 


(4b)  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 
1/10  -  SOX;  50/60  -  40% _ 


(5a)  What  Percentage  of  Circuits  Produced  are  Visually  Inspected? 
Mil/Hi-Rel:  100% _ _ 


Commercial:  10-50% 


(5b)  What  are  Present  Levels  of  Visual  Inspection  for  Each  Circuit  Type? 
Varied 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  If  a  System  Were  Available  and 
Cost  Effective? 

100% 


(5d)  If  an  Automatic/Serol -Automatic  Visual  Inspection  System  were  Available.  What 
Inspection  Rate  Would  You  Desire? 

20-30/hour  29% _ 

500/hour _ 42% _ _ _ 

> 500/hour  29% 


(6)  What  is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 
Range  $0.05  to  $225/c1rcu1t 


57%  did  not  know 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 
Range  5%  -  15% 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


3* 


(8)  Characterize  Your  Visual  Inspection  Requirements.  List  Type  of  Defects. 

Circuit  breaks/voids  In  resistors _ 

Reglstration/smears/splatters _ _ 

Shorts  between  conductors/resistors _ 

Via  coverage/alignment _ 

Dielectric  coverage/alignment _ 

Contamination/staining _ _ 

Bllsters/flaking _ ^ ^ _ 

Resister  trin 


Assembly  -  device  type/orlentatlon/wiring/bonding 


(9)  Do  You  Inspect  to  Criteria  Specified  in  MIL-STD-883?  70« 

(a)  Method  2010  -  Precap  Visual  for  Monollthics  — - 

(b)  Method  2017  -  Precap  Visual  for  Hybrids  - 

(c)  Both  of  the  Above  Separately  - 

(d)  Both  2010  and  2017  at  The  Same  Inspection  Point  - 

(10)  What  Amortization  Period  would  be  Specified  for  Investments  In  Inspection  Station 
Equipment? 

For  Mil /HI  Rel  requirements;  range  2-10  years 

average  5  years 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-4- 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  In  (1)  through 
(9). 


The  survey  response  provided  a  profile  of  typical  hybrid  manufacturers  with  a  current 
production  range  of  10K  to  1M  circuits/year.  Significant  Increases  In  volume  are 
anticipated  within  the  next  five  years  as  hybrid  devices  find  wider  application, 
particularly  In  the  commercial  area.  The  data  tends  to  support  the  conclusion  that 
current  1n-^  jcess  visual  inspection  Is  time  (and  cost)  constrained.  A  need 
exists  for  more  automated  methods  of  In-process  Inspection  to  Improve  yield  and 
assure  a  higher  degree  of  quality  control. 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 
Type 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


)uant1ty  Produced/Year 

over  10,000  h^rids 


over  100,000  monolithics 


(2a)  Identify  the  Characteristics  of  Your  Application 


High  Volume,  Few  Types 
High  Volume,  Many  Types 
Low  Volume,  Large  No. of  Types 
Other  (Please  Explain) 


Thick  Film  Thin  Film 
Hybri d  Hybri d 


Monolithic 


few  types 


(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Quality  Printed/Printing  Rate) 

10  mil  on  20  mil  centers _ 

Some  4  mil  lines 


(3)  Size  of  Substrates  (Minimum  and  Maximum  In  Mils) 
Minimum  1'  1' 


Maximum 


(4a)  What  Are  The  Number  of  Circuit  Types/Week  Do  You  Visually  Inspect? 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


2 


(4b)  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 

_ 2 _ 


(5a)  What  Percentage  of  Circuits  Produced  are  Visually  Inspected? 
_ 100%  _  _  _ 


(5b)  What  are  Present  Levels  of  Visual  Inspection  for  Each  Circuit  Type? 

3851Q  Class  B 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  if  a  System  Were  Available  and 
Cost  Effective? 

Same 


(5d)  If  an  Automatic/Semi -Automatic  Visual  Inspection  System  were  Available,  What 
Inspection  Rate  Would  You  Desire? 

_ 20  per  hour _ _ _ _ 


(6)  What  is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 


I  - 

^  (7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 


Automatic  Visual  Inspection  System 
Market  Survey  Questionaire  (Cont.)  _2_ 

(8)  Characterize  Your  Visual  Inspection  Requirements.  List  Type  of  Defects. 


(9)  Do  You  Inspect  to  Criteria  Specified  in  MIL-STD-883? 

(a)  Method  2010  -  Precap  Visual  for  Monolithics  - - 

(b)  Method  2017  -  Precap  Visual  for  Hybrids  - - 

(c)  Both  of  the  Above  Separately  - 

(d)  Both  2010  and  2017  at  The  Same  Inspection  Point  - - 

(10)  What  Amortization  Period  would  be  Specified  for  Investments  in  Inspection  Station 
Equipment? 

7  Years 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  in  (1)  through 
(9). 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SUR\K!Y  QUESTIONAIRE 


(1)  Potential  Application 

im. 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


Quantity  Produced/Year 


(2a)  Identify  the  Characteristics  of  Your  Application 

Thick  Film  Thin  Film 

Hybri d  Hybri d  Monolithic 

High  Volume,  Few  Types  _  _  _ 

High  Volume,  Many  Types  _  _  _ 

Low  Volume,  Large  No .of  Types  ^  _  _ 

Other  (Please  Explain)  _  _ 

(2b)  Please  Characterize  Your  Typical 
(Quality  Printed/Printing  Rate) 

■  _ LitSP _ ~  ^  .  ycujbs\ 

_ ALyg. _ 2-"  yAd4ii  dtht  2^ 

C  Cr.  i^ie^ 

(3)  Size  of  Substrates  (Minimum  and  Maximum  in  Mils) 

Minimum _ | _  ^ ^ _ 

Maximum _ 3 _ ^ ^ _ 

(4a)  What  Are  The  Number  of  Circuit  Types/Week  Do  You  Visually  Inspect? 

_ _ 900 _ a^££ _ C-iv  _ 1 


Sfi  -swS/ 

TffTck  Film  Network  Printing  Production  Run 


(5d)  If  an  Automatic/Semi 'Automatic  Visual  Inspection  System  were  Available,  What 
Inspection  Rate  Would  You  Desire? 


(6)  What  Is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 
sJ5',r-  ^ 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 

_ _ _ 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


3- 


(8)  Characterize  Your  Visual  Inspection  Requirements. 

O-ro  •••" 


List  Type  of  Defects. 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  In  (1)  through 


(9). 


-■ . — .  ■ 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 
Type 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


(2a)  Identify  the  Characteristics  of  Your  Application 

Thick  Film  Thin  Film 

Hybri d  Hybri d  Monolithic _ 

High  Volume,  Few  Types  _  _ 

High  Volume,  Many  Types  _  _  _ 

Low  Volume,  Large  No.of  Types  _  _  _ 

Other  (Please  Explain)  _  _  _ 

(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Quality  Printed/Printing  Rate) 


Quantity  Produced/Year 

aoo^OQQ _ 


(3)  Size  of  Substrates  (Minimum  and  Maximum  In  Nils) 

Minimum _ ^ _ I  O<0O 

Maximum _ ^  (Tinj _ ^ _ 2>tnQ^ 


(4a)  What  Are  The  Number  of  Circuit  Types/Week  Oo  You  Visually  Inspect? 


Automatic  Visual  Inspection  System 
Market  Survey  Questlonaire  (Cont.) 


-2- 


(4b}  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 


(5a)  What  Percentage  of  Circuits  Produced  are  Visually  Inspected? 


(5b)  What  are  Present  Levels  of  Visual  Inspection  for  Each  Circuit  Type? 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  If  a  System  Were  Available  and 
Cost  Effective? 


(6)  What  Is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 
_ y  To  10  */» 


Automatic  Visual  Inspection  System 
Market  Survey  Questionaire  (Cont.) 


-3- 


(8)  Characterize  Your  Visual  inspection  Requirements.  List  Type  of  Defects. 


C4>T»/ I  _ 

. _ 

_ •  CortlfOCtt^  ^0  PMiWUf* _ 

69iAffOli/i^6AA  »P  V?Rl<fin<6  /nArl.  . _ 

Aftipe  UA^gia.  ^IM  . _ 

_ «  uA9fH  S^ge4^»c^Tio»< . 

_ *  Cur  tae  e<>»n  , 


(9)  Do  You  Inspect  to  Criteria  Specified  in  MIL-STD-883?  MO  . 

(a)  Method  2010  -  Precap  Visual  for  Monolithics  - 

(b)  Method  2017  -  Precap  Visual  for  Hybrids  - 

(c)  Both  of  the  Above  Separately  - 

(d)  Both  2010  and  2017  at  The  Same  Inspection  Point  - 

(10)  What  Amortization  Period  would  be  Specified  for  Investments  in  Inspection  Station 
Equipment? 

_  _  fiVi.  «0  YOvdS _ 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  In  (1)  through 
(9). 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 

Jm. 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


Quantity  Produced/Year 

_ s/p/i/4^ _ 

_ _ 


{2a)  Identify  the  Characteristics  of  Your  Application 


High  Volume,  Few  Types 
High  Volume,  Many  Types 
Low  Volume,  Large  No .of  Types 
Other  (Please  Explain) 


Thick  Film 
Hybri d 


Thin  Film 

Hybri d  Monolithic 


(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Quality  Printed/Printing  Rate) 

/f  :jvsr 

9te>  /4tfk 


(3) 


Size  of  Substrates  (Minimum  and  Maximum  In  Mils) 

Minimum _ ^ 

Maximum _ 


(i.  '•Vo 


(4a)  What  Are  The  Number  of  Circuit  prpes/Week  Do  You  Visually  Inspect? 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-2- 


(4b)  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 


(5a)  What  Percentage  of  Circuits  Produced  are  Visually  Inspected? 


(5b)  What  are  Present  Levels  of  Visual  Inspection  for  Each  Circuit  Type? 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  If  a  System  Were  Available  and 
Cost  Effective? 

_ /fiP  7a. _ 


(5d)  If  an  Automatic/Semi -Automatic  Visual  Inspection  System  were  Available,  What 
I  ns pec t1 OIK  Rate  Would  You  Desire? 


(6)  What  Is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 


Automatic  Visual  Inspection  System 
Market  Survey  Questionaire  (Cont.) 


I 


-4- 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  in  (1)  through 
(9). 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 
Type 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


Quantity  Produced/Year 

MK _ 

‘76  K _ 

-g  - _ 


(2a)  Identify  the  Characteristics  of  Your  Application 


High  Volume,  Few  Types 
High  Volume,  Many  Types 
Low  Volume,  Large  No .of  Types 
Other  (Please  Explain) 


Thick  Film  Thin  Film 

Hybrid  Hybri d  Monolithic 

y 


(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Quality  Printed/Printing  Rate)  / 

to  Mtl  ^  LK  M 01AJ 


(3)  Size  of  Substrates  (Minimum  and  Maximum  in  Mils) 

Minimum  2-^C^  ^  ^ _ 

Maximum _ ^  OOD  ^  3  C>0^ _ 

(4a)  What  Are  The  Number  of  Circuit  Types/Week  Do  You  Visually  Inspect? 


(5a)  What  Percentage  of  Circuits  Produced  are  Visually  Inspected? 

'ooT 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  If  a  System  Were  Available  and 
Cost  Effective? 


(5d)  If  an  Automatic/Semi -Automatic  Visual  Inspection  System  were  Available,  What 
Inspection  Rate  Would  You  Desire? 

/O/O  ^  U 


6>0 


(6)  What  Is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 


ercencage  or  tircu 

lowr 


Automatic  Visual  Inspection  System 
Market  Survey  Questionaire  (Cont.) 


-3- 


Characterize  Your  Visual 

C^/OUCT^ 

Inspection  Requirements.  List  Type  of  Defects. 

If 

ft 

(9)  Do  You  Inspect  to  Criteria  Specified  in  MIL-STD-883? 

(a)  Method  2010  -  Precap  Visual  for  Monolithics 


(b)  Method  2017  -  Precap  Visual  for  Hybrids 


(c)  Both  of  the  Above  Separately 


(d)  Both  2010  and  2017  at  The  Same  Inspection  Point 


(10)  What  Amortization  Period  would  be  Specified  for  Investments  in  Inspection  Station 
Equipment?  .  ^ 

g  VR.  MX. _ 


> 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 

Ml 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 

(2a)  Identify  the  Characteristics  of  Your  Application 

Thick  Film 
Hybri d 

High  Volume,  Few  Types  _ 

High  Volume,  Many  Types  _ 

Low  Volume,  Large  No.of  Types 

Other  (Please  Explain)  _ 


(2b)  Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 
(Q«e44ty  Printed/Printing  Rate) 


(4a)  What  Are  The  Number  of  Circuit  Types/Week  Do  You  Visually  Inspect? 


Thin  Film 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-2- 


(4b)  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 

cl /  O  O  C  C  X  /  ^  \/ _ 


//c  3 


(7)  What  Percentage  of  Circuit  Production  Cost  does  Visual  Inspection  Represent? 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-3- 


(8)  Characterize  Your  Visual  Inspection  Requirements.  List  Type  of  Defects. 

/>,/  Si-J  S'S'i 


(9)  Do  You  Inspect  to  Criteria  Specified  In  MIL-STD-883? 

(a)  Method  2010  -  Precap  Visual  for  Monollthics 

(b)  Method  2017  -  Precap  Visual  for  Hybrids 

(c)  Both  of  the  Above  Separately 


(d)  Both  2010  and  2017  at  The  Same  Inspection  Point 


(10) 


What  Amortization  Period  would  be  Specified  for  Investments  In  Inspection  Station 
Equipment? 

_ _ S'  _ 


Automatic  Visual  Inspection  System 
Market  Survey  Questlonaire  (Cont.) 


(11)  List  Below  the  Other  Requirements  You  Have  That  are  Not  Covered  In  (1)  through 
(9). 


AUTOMATIC  VISUAL  INSPECTION  SYSTEM 
MARKET  SURVEY  QUESTIONAIRE 


(1)  Potential  Application 
Type 

Thick  Film  Hybrid 
Thin  Film  Hybrid 
Monolithic 


(2a)  Identify  the  Characteristics  of  Vour  Application 


Thick  Film  Thin  Film 

Hybrid  Hybrid  Monolithic 


High  Volume Few  Types 

High  Volume,  Many  Types 

Low  Volume,  Large  No .of  Types 

Other  (Please  Explain) 

(2b) 


Please  Characterize  Your  Typical  Thick  Film  Network  Printing  Production  Run 


(3)  Size  of  Substrates  (Minimum  and  Maximum  In  Mils) 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-2- 


(4b)  What  Is  Your  Current  Visual  Inspection  Rate?  (Circuits/Hour/Operator) 


(5a)  What  Percentage  of  Circuits  Produced  are  Visual W  Inspected? 


(5b)  What  are  Present  Levels  of  Visual  Inspection  for  Each  Circuit  Type? 

J  C 


(5c)  What  Level  of  Visual  Inspection  Would  You  Desire  If  a  System  Were  Available  ai 
Cost  Effective?  * 

//  ^  ^  ^  £j. 


(5d)  If  an  Automatic/Semi -Automatic  Visual  Inspection  System  were  Available,  What 
Inspection  Rate  Would  You  Desire? 


(6)  What  Is  Your  Present  Visual  Inspection  Cost  (Approximate)  Per  Circuit? 

_ '20  -  .1'^  ^ _ 


(7) 


What  Percentage  of  Circuit  Production  Cost  does  Visual 
_ _ 


Inspection  Represent? 


Automatic  Visual  Inspection  System 
Market  Survey  Questional  re  (Cont.) 


-3- 


(9)  Do  You  Inspect  to  Criteria  Specified  in  MIL-STD-883? 

(a)  Method  2010  -  Precap  Visual  for  Monolithics 


(b)  Method  2017  -  Precap  Visual  for  Hybrids 

(c)  Both  of  the  Above  Separately 

(d)  Both  2010  and  2017  at  The  Same  Inspection  Point 


(10)  What  Amortization  Period  would  be  Specified  for  Investments  in  Inspection  Station 
Equipment?  ^ 


